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THE EDITOR'S PREFACE. 



In commencing this series of. popular and standard 
works on the different branches of science that are more 
expressly applicable to the purposes of the Mechanic, it 
will naturally be expected that something further dian a 
reprint will b€tgiveii, from the advanced state of science, 
and the many improvements of late years effectedi, 
both by the writings of men of genius, and the prac* 
tical example of those whose occupatioh^ are more 
directed to what is of real benefit to mankind — ^the im- 
provement of our manufactures, — ^than to speculations 
of the learned. Many obstacles have presented them- 
selves, as regards the form of language, and the adapta- 
tion of style, to meet the wishes of all readers. Men 
of science are, in general, too fond of technological 
obscurity, and what is written in a familiar and plain 
way is apt to draw down their censure 5 but, as the 
present work is more particularly intended for the peni- 
sal kA the .Artisan, I have endeavoured to gratify both 
the Student and the practical Mechanic, by a carefnl 



iv THE EDTiCm'S PBEFACIU 

redmn cf the tfiiM^^UlicaiisdirdiB | tmd wh^e>!iollf(ve 
tiiofught any thiftg in» ^waathig^ in eWttrnets/oi' ao/^mOoH 
je(:9(lidia^>r8qiiii«d familiar kootgiiageto makeit^elN^^di|f 
tederalDoiV I Uive fHreferred the meUiod of i(iippljiii|p 
tiicir dafeete by an Appeitdix» rather than that of atawAy 
th#l;extio£ ihe^cHsgtnaL How isr I have beenisiiabea^ 
^i MoU not be for me to decide ; but I oaa^'Withafltef^ 
qfiyi^ihaliimyicadeavmirs have been diredteil4(Mhe ^dw« 
tHdatfbn^iaf aii^ects wiiich appeared net laffidehtfeft 
esGpbdmd^i and to place, in as clear »ttght«B pi^sifaiBv 
Cfcer^of^n^Moition that presented it8^« fiome bwUm 
teitfendhaaifialBO^ been added, in order to irende^Idbc^ 

-it will, r trust/ bet thought not toouttM^fk^tM^ 
IfaflMiHllaiieiidabtiof^AB gt^ati earrithil4itisl)leHi4aUen 
Ha tttiouEMl^aaiqRxitypogmpfai^ ^ ^noTS^ :!4ktk ^ctfmtim* 
d£fdh^9rs^;cBv}BgB}^aadidiagt«m» hi^ bMtt^liBMlfr imii^ 
j^tveAti^KHDcHhoaa-efi thttforigiaal'iworiciiii ^IndaAl, ^Mi$ 
pgoswitohiiptedtoBii^ bolA^of pf^^dgi^Jt^f^m4tlf4itspeclitfm 
dkm^mffiixiMfe^t^kfi^wftyiim^kA laas^ uhleldr tt$i4t^Qfta}^Qiii 
sore, ilBbt g»n some' meed of praose^ fopitle^ahta iter 
hai^^^ef^takenf tO'inakeA'the woik worthy of a plaf 
in tJie Mhrary pf the mim ol seieiiee as- well as tl 
meeliaaie. ' This^first^Tc^meof the sertea thus present 
ilbself, iu)li<lar>'aiming at of%ina]ity/bttt as an attempt 
pei^petuBte^'.the ) vratings ) iof ^ a man '■ who, for gen* 
mathetnatioai knowledge,' atttnds, I may say, imrival 
and to brin^ into ^inore general notiee the theory ol 
art by^iAduoh!0iJurwant9,t'iui''v^U aa ^ur luxuries, 
gratifie^ivrand ! bynriiioh i>ihe prdeperity of the na 
and the comfort andhajppiness of in^viduals^ is inf 







TH B U>myRSS PREFACE. v 

/SbotldifteF.'pt)9aent ^w#riL fbc^i thottglit wbrfiiy. o£ pa^ 
UimagtiEXtiis.n^iinUn^n^ ^omtnvae Mm aeries*: pj, n 
9<befiild§eie^oitT fwmk\i»ik^i authors of acknodurlfadged 
iqjtfi^qiiiido tev<e . writben ob the othtr ihtwoBoAMsbmi 
afaendi^ lUKLidrinchide all those ao3rwi8e eomieeted indi 
ihcsdBMBiifSSd of - the- Mechanic^ sudi as Geometrj^'FeiM 
9ftMf9iHMQfhTBi, kc.} and I shall eiideavoiir,iis/ thd 
sajiiesiiiaoii^f ,'teifiu8trate them by an Appendis^tisi^Bt 
9^}(btaSMBM language as the subject wiH a&iitooig.^ayil 
iiiticBBfq nidii^aitw improvements as may hUxei iiiepa 
adskddmui^ thQiaE^ginal publication ; thus eBilnt>oiimi|^ 
toiblonflfi^iB 4l leare* together the various diseiv^enMaof 
the modems with the original works of those who Mavo 

pirtseefl^ t)Mn»< . r;«^ f 

iidbalia&lievaLtaliemj leave; trusting thM no tanl«»yi 
flKf^^mtkl^ lEPUnd: and^ as I cannot daim any merit io 
ikm. ptsodnctim*:; h hope I shall not incmr cenamreictbil^ 
Ai^.ltobididulgfHtt reader will peruae thia vTidi tfaci 
aBitiedq{mt{i6 wUdbi I have written, that of endeatfoarq 
n^^Qi9f#ly~ ta^.iome useful purpose the talent||^nHric& 

g^fifqi !;> v:: :,^ -, . . 0.;AIs:^^ 

. b^liaiiirL .-.sio ;.lt; 1 . . . : . .. .r ■ ^ ■>;* i- 'T 

beiLanj af ^skrbfvtbiii ::? ciiii-'qqr.n •i.i'^ *'o"t r.o' " ^* ""v* 






iy^iif-iilii^* i. *; M» >}il<H/i:i[J/i 
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asii JJt»ii/> o- .I--- ■ . . , . . : .rtv?'. .;i J >Ua;/j^ Jucf 

Ibij?:!/ ')'» ».-.:. ? ' /'' !'i oMji nsod 

-lO'lili vil} 1«' l-'-i-a? ;. • ■■.../'.. .':i,ii' \ , ^ktu^jy!) t\A 
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MEMOIRS OF MR. EMERSON; 

WITH SOME ACCOUNT OP HIS WRITINGS. 



In giving some account of the Life and Writings of 
this eccentric man^ though* excellent mathematician, it is 
but justice to own, I am more indebted to what has 
been mentioned by others, than to any information I have 
been able to collect in the vicinity of his place of usual 
residence, as it is now between forty and fifty years since 
his decease 5 I shall, therefore, avail myself of the infor- 
mation given by the Rev. W. Bowe of Scorton, near 
Catterick, Yorkshire, in his account of the Life of William 
Emerson, and endeavour to supply some omissions, and 
venture some remarks on his writings, not given by him. 
Mr. Bowe commences with remarking, that, for the last 
three or fourye^s of our Authors life, he was on terms 
of intimacy with him, and, therefore^ had many oppor- 
tunities of hearing from his own mouth accounts of cir- 
cumistances which had taken place at former periods of 
his life, as well as g^ning information from those who 
knew him many years : he commences his narrative by 
remarking, that Mr. Dudley £merson> of Hurworth, near 
Darlington, in the county of Durham, had two sons> 
William, the elder, and Dudley, who died whilst he was 
young $ William, who afterwards lived to become so emi- 
nent a mathematician, was bom at Hurworth, in the year 
1701, and appears, by the parish register, to have been 
baptized thereon the 10th of June in that y6ar. 



viii MEMOIRS OF MR. EMERSON. 

'^ In a vacant leaf of an old prayer-book, ■ ii 
Dudley Emeraon, the fstther of our Author, had i 
ed his marriage, and the births of several of his < 
it ifl written, William Emerson ^vas bom on '' 
day. May 14th, at one o'clock in the morning • a 
minutes, and baptized June 10th, 1701/' 

His fJEither, Dudley, who was possessed of hui 
estate, at that time, taught a school, and seems 
thought himself of some little consequence in th 
far there is a paper written by himself, contaiiii 
he calls an account of the principal transac 
events of his life. Among these memoralnlia, i 
chiefly, to his movements from one place to anc 
observed nothing respecting the birth or educ 
his son William, which he did not foresee woulc 
only cilmmstances, or events of any importanc 
lifej -that -might possibly rescue his name from c 
Qmf author, William Emerson, it appears, received 
catidn principally from his father -, — reading, writ 
artttaoietie, and a little Latin, perhaps, as far as < 
orBeea'sLo^ Testament-, but that he afterward! 
ed-ilome assistance from a young gentleman, thei 
of Harworth, in the learned languages, and who) 
tinie^ boarded in his father's house. It does not 
hoitweir, that he made any considerable progress 
miiob' mtfcached to his books whilst a boy, or 
edariT'' symptoms of those superior faculties, vt 
afterwards exerted with so much energy. Ind 
carttsss and inattentive to learning was he, at 
riod>r(ihat he has been heard to say, that till 
neaily twisnty years of age, his principle end £ 
esaflk}jm.ent, for one season of the year, was that 
ing^<birds* nests* But his attachnients to childisb 
mtet($ having passed away^he began to be sen 
thercbams and beauties of scien<5e. He ikst i 
Newcastle, and afterwards to York, where he 
himself with considerable attentioii and ditigenoi 
stiidy of the mathematicsy under the iBrection of 
masfteffs; iindaf wham he nsed^^ptiak witfci'iB 
sfttot^'ia- ihe latter fiait 4£ Ihb lifA' He' tisedHo^ 
thatinsfiifterwaravtdieMle'i^^ «i 
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MBMOIBS OF MR. EMERSON. ix 

aii^ttl kdok#«iid instructioas, perhaps^ his own genius 
(jIMlMifl/lidBBMikf fitted for mathematical disquisitiaoa) 
'iMMriHtibrcar have beea unfolded. 

\ktiltr%-t return frmn school at York^ he resided prin- 
illUfliy^ al Hiurworth, where he continued to pursue hia 
studies and amusements^ at intervals^ until the time 4tf 
iKiMiMriBge. In what year of his life this happened is 
uriMktetly known, but it was about the thirty-second or 
^ikktfHMrd } and from this period we must date the com«? 
BiMMsewaiit of his mathematical labours ; or, perhaps, the 
oMnMMiitfKtion of them to the public. What he had done 
iuMMtiitir was merely an occasional application for his 
ndhiTftiinnmiiriif, or for the exercise and improvement of 
lis lliMiro hours. But one of those accidents^ which> aa 
DlrfileiUiMm observes, in the Life of Cowley, '* produce 
tktfl jpaiikiirfar designation of mind and propensity fev 
Bfliliiit" -certain science, commonly called genius," took 
l^flb^ mpaa this occasion, and added a powerful stimulus 
ti^Aa jiative thirst for knowledge and for fame. Hia 
"wifewaa a niece of a Dr. Johnson, rector of Hurworth^ 
viMr <ef Mansfield, in the county of York, and a preben- 
dil^y'o^ Durham, a man very eminent in his time for hia 
aUl- in surgery, and who by a very extensive and sue* 
CflMfaL practice in this profession, together with the 
riiftiifientB arising from his livings, had accumulated a 
▼flitj^eDaaiderable mrtune. Dr. Johnson had promised 
te'fl^w his niece, who lived with him, live. hundred 
p(»nda- for her marriage portion. Some time after the 
mtlfiUft, Mr. Emerson took an opportunity to mentioa 
drii'inalter to the Doctor, and to remind him of his pro^ 
nriaa.'- tE%e Doctor did not recollect, or did not choose 
to<i>eeiBileGt, any thing of it, but treated our young mar 
thttMtician widi some contempt, as a person of no con- 

3uetice, and beneath his notice. The pecuniary disap- 
alpaent, Emerson (who had as independent a spirit aa 
aHf 'nip, and whose patrimony, though not large, waa 
eififal ti> all his wants) would easily have surmounted, 
bjl d^ contemptuous treatment stung him to the very 
flcntf. i' Ha iawnediately went home, packed up his wife*8 
cMie^i^Mftd aent thfloi off to tbe Doctor, saying, he would 

ac^iiUrtU^tpg hrtrtdftn tpau^h afieUow. for a singie rag^ 

L 



X MEMOIES or MR. EMERSON. 

and swearing, at the same time, that he would be re- 
venged, and prove himself to be the better Soaan of the 
two. His plan of revenge was truly noble and kmdable. 
He- waiK fesolved 4o demcHistrate to his imccMifteous 
uncle, and to the world, that he was^ not to be rated as 
an insignificant or ignorant person 3 .and that fixe con- 
tempt and indignity with which he had been treated, 
were much misplaced, and very unmerited ; and, fn order 
to demonstrate this, he determined to labour tili he be- 
came one of the first mathematicians of the age. 

He had received from nature a ^tropg jand vigorous 
puad»;^nd had acquired a just relish for th^ beaiities of 
mathematical science, and an ardent love of truth 5 he 
wa?, at the same time, stimulated with an eager desire of 
distidgiiishing himself from the illiterate crowd of tnor- 
tals j the effects of his labour, influenced by such motives^ 
a«kd/directed by such abilities, could not> therefore, be but 
graat. He made himself a perfect master of the whole 
circle of the mathematics -, and, after having carefully 
planned and digested, revised and completed the work to 
his own satisfaction, he published, in the forty-second 
yeafr of his age, his book of Fluxions ; and at his first ap- 
pearance in the world as an author, stepped forth like a 
l^liiipiti,i^ all his mighty and justly claimed a place amougst 
fOiat^lP^^ians of the very first rank* By the stii^lly 
Sfiioi^^cr manner in which he established the piiaiqjiplj^ 
and demonstrated the truth, of the method of fluxipjas in 
4biis work> he^added another firm and durable si^^pprf to 
fdfte i^oble edifiee of the Newtonian Philosophy^ w]^clv>ljiy 
300^ lesa aoGura/tefund penetrating observers, yf^auB^-:: 
poaed to have received a violent and dangerom^^^^oa^^r 
1$ioMi from the metaphysical artillery of the. 4miy^f» ^^^ 
the cavils and objections advanced agaiqsjl|„th^ ,|^r^f4i 
i^f the fluxionary method* . . .;> .iH 

I ^Haying :thiis secured his mathematical f^Joae^ji^jiQ^,^ 
Am and lolid basis, he continued, from .tinji^,|t|q,f^l^ 
t^. favour and instn^ct the public ^ith oth^,,,fnq9^ 
ToJual^ {Hiblips^tionB upon the several brancb^f x:(f,:ltfl^ 
4n^eiimtics. .Thefie. ^ppearod, in ,thp j^d^f^.^^^^i)^^ 
(th^y«tand arranged H^^lpi^f JY^lJ^jth^ jiWi^f It)^ 
iioBj 9914 the- dat^^oflilMiniA^^^^^ n.v 
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MEMOIRS OF MR. EMERSON. xi 

' frj|^i9! U 42 Fliixionsi 8yo. 

'iK^'itn^ .-i 48 ' PrcijectkHis of the Sphere, and Elements of 

^■' '"' -^ ' Trigonometry, 8vo. 

1754 .. 53 Mechanics, 4to. 

,j .,3^755 ♦-• 54 Navigation, 12mo. 

: < Ijrei! w. 02 Arithmetic, Geometry, 8vo. 

• Method of Increment, 4to. 

^^'-irW4 . . 63 Algebra, 8vo. ■ 




, .,w. .. 66 Arithmetic oflnfioites and Conic Sections, Bvo. 

Vf .,^|7^.*/ 67 Elements of Optics and Perspective, 8vo. 

'niTlT^ )« # 68 Astronomy, Mechanics, Centripetal and Cen- 
>ovh : trifiiga] Forces, 8vo. 

**'^^' 1770 .. 69 Mathematical Principles of Geography, Nlivir 
'; t/^ " gation, and Dialling; Comment on the Priiir 

7 hi /,• , '» cipia, with the Defence of Newton ; Tracjts^ 

'mT... V- /-.. 8vo. :,; 

qr. ^7t^ i« 75 Miscellanies, Svo., which was his last work* 



'-BijVfcrtl of the above works have gone through new 
i^tifxcfs, whWh hav« been improved and augmented \ff 
iblt iAtkli&pr, and were mostly published by F. Wihgrave, 
ik Ifitf Stnind, Ixwkseller. 

'^l^^'sHbove workd, many of them allowed tb be the 
tli6s€'^tant upon the subject of which they trbat, w91 
~ r i^i^tic^Lin a Listing monument of Mr. Emerson b genkis, 
Ai^tiini. and industry, to the latest times; and ren- 
a^y.ftnTher eulogium of their Author, as a o&aii of 
!ricff,i»tally unnecessary. "* 

His first publication, however, did not meet VFith lib- 
xri^^i^e e^nttouragement ; so that it is probable the^est 
-vtMld'never hay^ appeared, or, at least, not in theAuthot^6 
**^'itini«i, had h6n6t^" about 'the year 1763, been recom^ 
^d^ 1>y hi^ gj^^cLt admirer, and ^end, the lat^ Bd- 
TMiptagtie, Bfsq.''ta'»».»Jfflm Nourse, bodks^fef, in 
__ im, 'Hmv^li^)^if^ niathemeieid^y:^d 

well skiflfifW'l&^mVto^fi^ Pl^sbpb 





xii MEMOIRS OF MR. EMXBfiON. 

Univerntf education, and been an carlf aas^iatti'itMl 

the learned Doctors Pembertoaand Wilson j theone^-Afe 

cdfrnpanion of Newton, and the Editor of the best ocraion 

tji' the ^Ptincipia ; the other, of Mr. Robins's Matkemaimal 

IVac^4« - Mr. Nourae waa so highly sensible .o&iAfr. 

Bmerson'b: superior abilities^ that he engaged him»(iAi 

fisry liberal terms, to furnish a reg^ular Course) ef -/jAie 

Mathedihtics for the use of Young Students.' Mr-tEoier- 

'0on made a journey to London, in the summer 'of-><tke 

^yaar 1768, to settle and fulfil this agreement. ; !Eiitqniip 

lsondon>; he could not be idle: besides coi^ectiogf :the 

dieei6 for the press, (for he always made :the renrisal 

himself, aoMl to *' trust no eyes but his own* waa; hisA- 

: Bruurite maxim,) he took lodgings at a watchmaker a, nokr 

/8(nKithfiekl> that he might improve himself in thai/boailQb 

1 bl knowledge, during his stay there. '^^ jwO 

■'' Besides the above regular works, published int Mr. 

V Emerson's own name, he wrote several other 'fifgitiiie 

':pieces, in the Ladies Diaries, and other periodical dnd oais- 

x^ellaneous works. In the Ladies Diaries, he propbsediand 

4iiswered 'Several new questions under the signalnfe 

iMerones ;m.n anagram of his own name, containing aUitiie 

ItiterSiof it transposed: the questions resolved by i him, 

wst-e' osi -iisllow, viz. prize 1736, questwrna 196^4^95, 

)ftd7^ -pii»i ^797, questions 205, 206>^a7>'^d09, 2L0)i8i5, 

-^T^ 2191^(1365$ t^rize 1741, questions 236, 339 $! >ptke 

>]if^yi4]uestion8 33Sy 340 -, and he proposed tfar Mlsw 

iag lievr j^pdefiitions 5 — ^No. 193,306, and 330 ; 'SeoUhe 

'Dttxroni! 'MisoeliAn^i which is a republication o£: iihl^e 

iiseftil paiis >of<th^ Ladies Diaries, byDr.Huttoti.f'Ihj^e 

JUHaries, &c: Mr. Emerson had, also, some warmxteM^ 

ihrevsie»with Wadson, (Mr. Dawson of fiedgbeigh,)p.iiid 

lioAttreminientmathematicians^ • !, ii'-t/ooh 

TonMn Eraersofti also took a part in the MmceUetmids^ 

^fwba Matkematioar, a woik puUdshtdiiu <|uadftet]yinui^ 

-bers by Mr. Francis Hblliday, (his^firiend^and-obr^ 
ponddit,) frdm the : year 1745 .to 1755,. in 4tOi' > incf 
work he ' fesoh^es many qu^ tiiviis, ( as ' before ini tjliei i 
Ties ^ i8(Mn(etimea.under the js^atuiie MerQnesii&Bi ^ 
tifllesrunriar the" atiib mctte winniBioal otaei dffiPftii^ffei 
nmbofnaigegwrkiatraUmgu^^b^^ aey 




dJL 






M>-' 



MfflgMCIHLS OEiMBi. EMERSON. xiii 

iilteT«^i5lle«Wfi;soHr> taktr' a:-Rrie\iri o£ Mt^ Mtaanxm iti 
slttfttMivalid \iS^dBU inw)v•alld^h8rJtimelIlbcii^l1aDeildtfd1 
noilni fiaifenteii>waa^)2h •^tflM».>89mediittg.'bdhirv|frr(die 
SMJftnBoiiuMa^^bd<iofiirmi/c<mipac^ weSik mMe^df^ 

.'iMIi'de aadistraBg.vHeitiada good, <^iii^xprMsivoio«ia- 
iifeiiimcii,tiid^atruddy?cbm{ilBZJbii» at kewiB-and ficnelxtf- 

iil^'kiM 1 j iiiiil Jaiu: toidonf : amdl iea^eraesa toUfodki tiidt v me 
-immexfikesaaiii&ioS! d^ i tiegfiiure o£ lib - ndndv j Jttisi^lniis 
94w9et|ri8mqde3iiiid;plain>-or..wliatrh7 die geabnlitgroof 
qj^^iipk^ pe^Kqps^'^vwal^ ]» befen caUed gcolesqUQjflijd 
sghil^^iooiitVBrf^fiBwIkatS'^erTed him' through thevJH^oils 
laB UiBe ofithisl)j|&,c«nd*'when he purchased ^on^ (ovpAi- 
-Aedl w^'o^einaaiiicte^of dress)> it was a maiktet'offphf- 
liBCttankfarBtoe /to: him^ whether the- form/ and Jishioa 
doU$f<kmsithBttia^{A^ day, or of half a ceDti]feyihdfai». 

One of these hats, of immense superficies, hdd^'inolfrikgth 
.•dC tuhet^idstltetielastieity, and the brim of; it luegdi to 
diildl^'iiBDsklohla) maaner, as to prevent him< being'OblfiSo 
-aon^ithdasii^ects .belbre him in. a^ direct lloei' (iTh»b9^^ 
bnotUa(h^«i|^dfdred by^ an optician ^ he,> ^erefore^itotftoa 
9ipidBXi]fi«heid:6, andiout it foaad close tot Ahe. body) of gibe 
sWkijdGpnaigi atlitdei ' to the . fniiit> which; ■■ he i de^iteroiftlly 
tiiMdn^d^didtarithe/vesexnblance of <a>^ookfiy*St tap.i'jjHIs 
tdft%^SiedreEiniade)iqf Unot^ or dirty ^xeoiooiourec^iwr^ 
ta*&iiM^t^^fiiitet,^iH^|M^and bosky and. torl^ b€iiip4,t6ftt 
99ifa|ch ^wi^M^dnftofiB iiirou^; age> H^, at^]£ngt^> \t: te- 
'jmikk <|Ad)^rtvi|i^Bft, haflrtag, pttobabtjr, 3i0ver.»upd^t!g<|fie 
dUeaoperatiiito «f:rtW<)omb^ aad^^her^dioofgh^ihe^- 
sAfittl lialHcbiitfbiiDbai^Mi of the wig, XHrftbm:!^ cuafonKke 
d&dlDf.iAittpieinti^ rats^lang' his hand bthhid^Hvii^iiijyad- 
-diriMksiQd^jmg'jinever coming i^to«j:TferyiYcloaift .Qcmtifitt. 
biii8((dQat^iQii/^dt« ipropetly,. ijacket/ cur /^aiAfcooatiauth 

sleeves to it, which he coBSl^ntlyfwate:wdtlioiiC(anyiiA#r 
-sdaiMntti^^alii&sodf at drahf ebloucu i>His MneBtiiCtoiMnot 
'inm^ofiBBM^ on i HifakiiiiEL^t bulb ( was spun, asd bleaebed 
-JMridasbndfd^iHiid wot en/ ott; f HiArwottlip 1bein|f . caltidaildd 
sJiDbnC foifittonbtbr; lUid^diijte^lon^jthaxi ifor rahe'Wi . > tiiftjhart 
-«Chifidlilar eioAsttai^ef.csfiwiqiiivfAyuiMeaRD^^ies^^ 
-asott wsat)ie«piiii(l MstBtw^tiiMevdnmg'md^AiiaTp^Bnd 
-lm>i»lii%Miiado Ikeiaucftif/ sBuii llite wdA isMineaffik- 
IUHlioB of iahigi|IMf|ps[((fi;im£9H;S«ob 
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about bixD, though his customs and maimers were, sin- 
gular:) he had a reason for it 3 — ^he seldom buttoned 
more than two or three of the buttons of his waistcoatj 
one or two at the bottom^ and sometimes one at the top ^^ 
leaving all the rest open. In wind, rain, or snow, there- 
fore, he must have found the aperture at the breast iii- 
convenient, if his shirt had been put on in the usual 
manner. His breeches had an antique appearance, th^. 
limpet before, not being supported by two buttons, placed 
in a line parallel to the horizon, but by buttons desceadp 
ing in a line perpendicular to it. In cold weather, he 
used to wear, when he grew old, what he called shin- 
covers. Now these shin-covers were made of old sack- 
ing, tied with a string above the knee, and depending 
before the shins down to the shoe ; they were useful in 
preserving his legs from being burnt, when he sat too 
near the fire (which old people are apt to do) ; and if 
they had their use, he was not solicitous about the figure 
or appearance they might make. 

This sin^larity of dress and figure, together with his 
character for profound learning, and knowledge more 
than human, caused him to be considered, by ignorant 
and illiterate people in the neighbourhood, as a wise or 
cunning man, or conjuror ; many of them are still per- 
suaded that he was such, and will tell you wonderful 
stories of the feats he performed, and particularly how, 
by virtue of a magic spell, he pinned a fellow to the top 
of his pear or cherry-tree, who had got up with a design 
to steal his fruit, and compelled him to sit there a whole 
Simday forenoon, in fuU view of the congregation go- 
ing to, and returning from, church. That he did com- 
pel a man to sit for some time in the tree, I believe was a 
fact 5 not, however, by virtue of any magic spell, but by 
standing at the bottom of the tree, with a hatchet in 
his hand, and swearing that if he came down he would 
hag (i. e. hew) his legs off. This opinion of his skill in 
the black art, was of service in defending his property 
from such depredation, and therefore it would have been 
impolitic to discourage it : but he was apt to lose his 
patience very much when he was applied to for the re- 
covery of stolen goods, or to investigate the secrets of 
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futurity. A woman came one day to him, to inquire 
about her husband who had gone six years before to the 
West Indies or America, and had not been heard of 
since. She requested, therefore, to be informed, whether 
he was dead or living, as a man in her neighbourhood 
had inade proposals of marriage to her. It was with 
mUch difficulty the supposed prophet repressed the rising 
fuif^r till the conclusion of the tale ; when, hastily rising 
from the tripod, or three-footed stool, on which he usu- 
ally sat^ in terms more energetic than ever issued from 
the shrine at Delphi, he gave this plain and unequivocal 
re'srapn^ : ^D — ^n thee for a b — h ! thy husband' s gone 
tQ'bell, and thou may go after him.** The woman went 
a.wajv^ well pleased and satisfied with the answer she had 
redeivedj thinking she might now listen to the proposals 
of her lover with a safe conscience. Another damsel^ 
with a similar errand, met with a milder reception. Her 
mistiness had lost some caps, or linen, and she wanted to 
know whether her fellow-servant (of whom she enter- 
tained suspicions) had purloined them or not. ** Thou's 
a canny young lasa" replied the smiling conjuror, ** but 
thous over l^te o* coming -, 1 can do nought for thee." 
The poor girl went away, grieved that she had not made 
her application sooner, supposing he meant that the mys- 
terious moment of divination was past. 

He was by some people looked upon as an atheist, 
but he was as much an atheist as he was a ma^ttiah. 
He finnly believed in the being of God 3 he did not pe- 
liete it, as he sometimes said, — ^he knew it 3 he was certain 
of it, to a demonstration. But it must be acknowledged^ 
that h^ did not always speak of revealed religion, the 
Church of England, or the clergy, in terms of respect. 
It has often been observed and lamented, that minds 
merely matfaemittical are apt to tend towards scepticism 
and irreU^on. The man who is always accustomed to 
demonstrative proofs, and wholly engaged in a science 
wliich admits of them at every step, will not so readily 
acquiesce in a series of probabiHties, where investigations 
oranother kii^d are presented to him 3 and, perhaps, will 
npt <I)Aye .]jatij&nce to examine circumstances deeply 
^nqugji^, tp asgert^ifai oh which side there is a prepon- 
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derance of evidence amounting nearly to a demoiMtra- 
tion. Besides, Emerson's resentment of Dr. Johnmm's 
treatment of him, and u^hich I have mentioned b efa p e > 
might produce a bias on his mind unfavourable to rali* 
gion. A man of his natural impetuosity of temper w«dd 
be too apt to associate the idea of the profetsum with 
that of the professor ; and because he had quarreHad 
with the priest, would also quarrel with his doetm^ 
Under the influence of this prepossession, he set himMlf 
to work to examine the Scriptures of the Old and NmT 
Testament, and collected two small quarto volumes of 
what he conceived to be contradictory pasaagea^ 
arranged them, like hostile troops conftDotlng 
other, on the opposite pages of his book. 

His diet was as simple and plain as his dress, and kii 
meals gave little interruption to his studies, eai|ik>V^ 
ments, or amusements. During his days of cloM appii 
cation, he seldom sat down to eat, but would talEe % 
piece of cold pie or meat of any kind in his hand, «iril» 
retiring with it to his place of study, could sataafy Wi 
appetite for knowledge and food at the same time. 'H0 
catered for himself, and pretty constantly ^ade faia 
market. When his stock of groceries or other 
saries grew low, on the Monday morning he took kia 
wallet, which he slimg obliquely across his 6houLdert» 
and set forward for the market at Darlington, three lailee 
distant from Hurworth, whither he always walked on 
foot, for he seldom or never kept a horse, and had an 
aversion to riding, ** He would frequently lead the 
horse, when he had one from market, by the haltar, 
bearing the wallet stuffed with the provisions he had 
bought at market.'' After having provided all the n^*- 
cessary articles, he did not always make directly hwe 
again : but, if he found good fair ale, and company^ 'to 
his mind, he would sit himself down contentedly in 
some public house, for the remainder of the day, and 
frequently during the night too ; sometimes he did not: 
reach home till late on Tuesday or even Wedneada/r 
He remained talking or disputing on various topica^ 
mechanics, politics, or religion, — just as his conqpan^ 
might be, varying the scene sometimea with a beef-aleak. 



CKxr^ *rv^ l^jfA^'' 
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ittttMoB-eliop, or a pim of hot cockles ; .for it is remark- 
aliai-^llMit YA ale did not injure^ but rather improve, his 
littpWtci imd that he never felt the head-ache> or any. inir 
ipodiate fU efibcts afterwards. In these durable pota- 
ttbnvhe would sometimev indulge, not only at Darling 
llint bD^ tit Hurworth, or some neighbouring yUtage^ 
Wl "always in an ale-house, for he kept no stock of ale 
tf^litnvie; and he was, upon all occasums, rigidly exact 
lKv«ppOrtiom&g each man's quota' of reckoning. The 
ta^tine-he tirade an excursion to ]parlington with hlli 
<im1kitj-oHr philosopher made a figure truly conspicuous v 
Afe WX^tik^ only time, I believe, he. ever rode thilhlsr, 
alNl^6>.wa8 then mounted on a quadruped, whose in*^^ 
trinsic.valuej independent of the skin, might be isSflf 
iMdMled tit ha]f«a=-crowQ. Being preceded and led by a 
b<M^)UKd'for that purpose, he crawled in slow land ^ 
iMIpstHft^ ait the rate of a mile and a hatf in an- hoiOkv 
1fll^^4iu(ft thi^e, he thrived at Darlington ; and* waft con- 
J>Ho^tit*the same state, to the great entertainment of 

S^l^eeMtetri through the streets to the inn, where he 
hed to refesh himself and his beast. What- idea 
fnmself entertained of the velocity with which 
dttfal' cot^d move, appeails .from this, that whj^ a 
llMMir-^ hi9, ftom HurWorth, asked him, towards thU 
^^tf he was going home ? *' D-^n thee, (says h^) 
iiitMit(ibiM«thou'want with .my going home ?-—•' Only,- 
s^r^i^!|lic^'man, -^' because I should be glad of your com- 

Ei^j-^ Thou fool, thou! (rejomed the other,) ThouTt' 
H^hdme long enough before me, man ! Thou wldks]i^ 
aMi{*i«Yider* We must obfiterve, that such words alf 
J^^jm'iheeyBXkd* tluM fool, were mere expletives, often, 
wMi litin-, 'expressive neither of indignation nor coh- 

■iMWML • « ■ - - 

olIJH#«|)f|e in -conversation was very generally abrupt 
ilii<]liltttiti AbQunding in such expletives as the above, 
tk^ijtfiutk vtdgar and im^-ammatical. And this was the 
ita0d!H^thlit,led msttfy people to suppose tlutt he could 
uH$kKf*9iA'd*ta^ write ^y thing like grammar, or tolerable 
BiigiMi'} ^j^l^ his pte()B|ce8, therefore, some af;^jiich 
tflCWf^llf wi iffbiJ/^could' ' nJQft 'be' his^ owtt^ioibpbiH^'t 
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BngliBh> by some other hand. But we oBBB^tniiviih 
certainty judge how a man will write, from hfalangroA^t 
in common conversatiou. Though Emerson w«aoBi» 
acute grammarian, his reading was extensive eaoligijtir 
supply him with a sufficient stock of proper wondhraoL 
expressions^ on such subjects as he had occaaioB-toti^^ 
of, and the vigour and energy of his mind wtAild gfra 
force, weight, and perspicuity to his 8entenoeaL:> Hti 
was, one day, told, that this opinion respecting hi» pr»^ 
faces was entertained by many, and the disparity mtm 
conversation and writing was pointed out as the^ vtmwe 
of it. After a momentary pause, he exclaimed^- with; 
some indignation, " A pack of fools ! who could iMIb 
my prefeces, but myself V* They do, in &ct, carry irath 
them every mark of legitimacy -, they could havb 'tsD 
other father. Indeed, the original prefaces, as weil'M 
the origincd MSS. of most of the authors works, m-hM 
own hand-writing, with a great number of hia origisii 
letters, are now in the possession of the pubMsho^iatt 
of which are well written, and in a good style. '■ Thsm 
are, also, in some of them, quotations from the GoMi 
authors, elegantly written by himself. ■'*! o* 

In the earlier part of his life, principally by the aidbiif 
his dictionary, he had acquired a stock of Latin> mjM*^ 
cient to enable him to read and translate TOathematidil 
works in that language : and he once had a desigtf to 
give a translation of the Jesuits* Comment on the PHnd* 
pia. It appears also, i&om his mottos to his sevend 
books, that he sometimes dipped into the classic authdn^ 
fbr we must not suspect him of having been much com* 
versant with such gentry as Lucretius, Horace, and'Vis^ 
gil. He had in his library. Homer and Virgil travestied^ 
and these he read with more pleasure than Pope*:si^Mr 
Drydens translations. In argruments or disputes^ w^fi* 
ther in conversation or writing, the fire and impetu osi ty 
of his temper was too apt to break forth, and betray him 
into the use of such terms as should always be avoided, 
especially by mathematicians and philosophersy whoa^ 
employment is, or ought to be, the cool and dispiassimDr 
ate search after truth. -^ i*»<i 

His 26al in support of Sir Isaacl^ewtonis outrageduii. 
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atfi'li^teBitreated.'tUt oppu^ners of his philosophy, naif 
hQlH|^fs!pB3iis€Bal qmrrel against them. '^ J. BeraouUij 
^caniin^cto hkn) is- a low critic, laborious and tedioiis 
tor ti(gijaflt degree; a blunderbuss, a |ierson of eternal 
dHDftntfiotion, prejudiced^ mad, and a whole section 4^ 
1091 pages Is nothing but a heap of absurd, ineonsisieBt 
sti4|*^<iile, therefore, leayes him (in his great mercy) 
tsHbe djDwmed in the gorges of his own contriving, Euler 
reoti^ws! not milder treatment : he is vortex-mad too, and 
iiiibhe ofi <tlv>se bigoted philosophers, whose brains ano 
taracdr in'ia vortex, or they never would prefer such eoB^ 
jdliw vertical schemes before the simple doctrine of pror 
JBDtileiMMb, centripetal forces* Such philosophers! ex- 
danmsr-'OtDr indignaat defender. Leibnitz's attempt iM 
cob ftoBflsltac Newion of the invention of Fluxions, is^ 
expect, a cause sufficient to caLL down all the 
lis indignation ; to tell us flatly, " that not he 
fc^oimd^' but he that first published, deserves the 
pfc>i(rc)t?3rio«n assertion that might move the bile in a^ 
fltmilbh kisa apt to boQ than Emerson's. It is robbing, 
sbMDtndy says*- the inventor of his due praise, to give it 
to the thief that stole it. But, however much Sir Isaao 
lieMoaLltiught hare approved of Mr. Emerson, as the 
ettDBpaon.dr defender of his principles, he would not have 
iMbndnd^Ike weapons he sometimes m^e use of. 
o^ii^so'diffioalt a problem, as Emerson himself allows, 
thaln6f fitidiagthe precession of the Equinoxes |o>be^ 
ooD^veuldiiave : thought, that he would have had so^ie 
litito cc iRth. those who differ from Sir Isaac Newton 
■iwhhihwcif. . But there are a dan, and Mr. T. Simpson 
hasi^the'inisiMrtlttie to be one of the clan. There seems, 
dHfiHrtiraately^ t6 have subsisted some kind of jSniinosity, 
Mr jealpu%,i between these two great cotemporary mad^- 
HMftkianspexaited and fermented, perhaps, by some who 
ftmiiiMpnieiioagh- to carry tales between them, in order 

^Muar9i^E,meBnont correspondents in London informed 
hBa4ih9^Sii(ii^pQDiiJiadsaiid,- in company vrith some mathe- 
matieaLfifelidi^ .^'Ihalihe.took Emerson, (referring to his 
book of Fluxions,) to be an industrious ploddinig writer, 
bn^itjinw^ fif(iH> f^tbiiis.'' i Thia was ^uite enough to 
irritate Emerson to acts of hostility. 
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We meet with frequent complaints in his books, of tke 
little encouragement given to mathematical leamxn^.-in 
his time, and especially in England. How hr this -eoBft^ 
plaint may be w^ or ill-founded, I know not : but fliii 
is. pretty certain, that if any reward, or recompense, tod 
been offered to him for his mathematical labours, and 
had not come to him in his own way, he would not hftve 
accepted it. He did not wish to be admitted a fellow of 
the Royal Society, "because, (he said) it was a d-«a d 
hard' thing, that a man should bum so many faDthiog 
candles as he had done, and then have to pay soiausb 
a year for the honour of F.R.S. after his name^ jyhriu 
them, and their F.R.8. too.*' He reaped one reward ol 
his toils in quest of science, which was very aoceptaUs 
and ;grateful to him, and that was^ the acquaintance aad 
friendship of Mr. Montague, who, having an eSJtaLti&-«t 
Eycholme, near Hurworth, sometimes visited thatnei§^ 
bourhood, and spent a good part of his time in oompanir 
and conversation with Emerson, and, at his decease^ l^e- 
queathed him a legacy of one hundred pounds, or gui n t aa . 
When Mrs. Montague's agent called upon him to disr 
charge this legacy, Emerson told him he would mudi 
rather have seen Mr. Montague himself than his moiray. 
And he spoke, doubtless, from his heart, for he novel 
mentioned Mr. Montague's name but in terms .tkat 
stroi^y expressed the sincerity and ardour of his affieo- 
tiqn and esteem for him. • - ,« 

Mr. Montague, in his visits to Emerson, would often 
go to him in the fields, when he happened to be at woidc 
diere, and would accompany him home, ;but .could ncivM 

Sersuade him to get into a carriage. On those occasiqiMlj 
e- would sometimes exclaim, " d — n your whim-wham»! 
I had rather walk*' ' .tf. -^^ 

• Inheriting a small patrimonial estate of about sbJtf.'m 
seventy pounds a year, he was as independent I ^Hfld 
happy as if he bod enjoyed so many thousands. He wac 
never known to ask a favour, or seek the acquaintj^tn^ 
of a rich man, unless he possessed some eminent <|UiEdi- 
tiesof mmd. i hi 

Notwithstanding his imperfect and desultory cour«ft(0 
ediM^sAioDj he ./acquired a. generals. knowledge j/pfivsn^a 
sciences. He had even paid attention to medicine, a 
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leasty so feur as it has been combined with mathematical 
priiicipies^ according to the plan of Keil, Morgan, &c. 
He esteemed Morgan above all others as a physician ; 
and held Keil to be the best of anatomies. 

-Mr.' Emerson often tried in practice the effect of his 
mathematical speculations, by constructing a Tariety of 
inBtrumentSy mathematical^ mechanical, or musical, on a 
small- scale. He made a spinning-wheel for his wife, 
wMcfa is represented by a drawing in his book of Me- 
dwiics. ' He was well skilled in the science of music, 
Ifae'tiieory' of sounds, and the various scales, both ancient 
and' modem ; but he was a very poor performer, though 
he sometimes obliged his friends in the country, by 
tMng' and repairing their musical instruments. He 
carried: that singularity, which marked all his actions, 
eren into this science. He had, if I may be allowed the 
eocfMression, two first strings to his violin, which he said 
HUide the E-more melodious, when they were drawn up to 
a perfect unison. His vir^nal, which is a species of in- 
simnent like the modem spinnet, he had cut and twisted 
into various shapes in the keys, by adding some occa^ 
dionallialf-tones, to regulate the present scales, and to 
rectify some ^fraction or discord, that will always remain 
ib' the tuning. This he could never get regulated to his 
ttind, and generally c<mcluded in a passion, by saying> 
it is 'a d— -n d instrument, and a foolish thing to be vexed 
with. 

■' Mr. Emerson was very fond of angling ; and, while he 
Amis amused himself, would stand up to his middle in 
^WMer for several hours together. When he was build- 
ing' a house upon the small farm which he possessed by 
the side of the Tees, he never hesitated to plunge into the 
water, for the purpose of collecting stones from the bed 
)Qf the river; He was affected about that time, with some 
•^ght ^outy symptoms, and said that wading was servicea- 
ble -id him, because the water sucked the gout out of 
tn^legs 5 a theory, 'for which he was, probably, indebted 
lO'bis favourite Keil, or Morgan. When he wrote his 
Treatise on Navigation, he must needs make, and fit up, a 
imall'Tessel^j and, with thi8> he and some young friends 
^tMlialrked on Ifae river TCPes, that ran by his door at Hinr- 
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wbrtli i but tbe whole crew got iwamped ffeqweafl^^ 
iirtlen Emenson, srailing, and Eluding to his book, uik, 
*' they must not do as I do, but as I say." ' ■' :-'^ 

In tHe earlier jmrt of his life» he attempted to teuJk a 
few scholars ) but, whether from his concise metikM^ 
for he was not happy in explaining his ideas, or ^ihe 
natural warmth of his temper, he made little p ro g i»wi 
in his school, which he, therefore, soon dropped. "He 
never had a scholar that did him any credit, except Mif 
Richardson, of Darlington, who was always a g*Mt 
favourite with him, and of whom he used to sarf»>«lH|| 
he was the only boy who had a head in his school* <« -' ic 

Bemg requested once, by letter, to oommimieaie 
some particulars of his life, by a friend, who wacBled>lb 
put them together, he wrote, for answer,—-^! aemv 
knew you were commenced biographer before. l^Mi 
will have little to do, I think, that set about writing 'ny 
life. I am sure of thib, — half of it will be lies ; 1ifdm» 
for8) I chuse to die in the same obscurity I have tivedJi 
During the greatest part of his life, he had enjofsd 
strong and uninterrupted health ; but, as he advancea is 
years, he was afflicted with the stone and gravel t^as 
excruciating degree. In the agony of these Hts»2tte 
would crawl round the floor, on his hands and kneeif 
sometimes praying, and sometimes swearing, and de- 
voutly wishing that the mechanism of the human frame 
had been so contrived, as to go to wreck without all that 
clitter-my-clatter, as he called it. As he grew weaker, 
the violence of the disease abated ; and he died, at last, 
apparently without much pain, on the 28th of May, 
1782, in the 81st year of his age. 

Mr. Emerson, with much persuasion, was prevailed on, 
by his friend. Dr. Cloudesley, of Darlington, to sit for 
his picture, which was taken by Sykes, and is now in the 
Doctor's possession. Towards the close of the year 1781, 
being sensible of his approaching dissolution, he dis- 
posed of the whole of his mathematical library to a 
bookseller at York: his instruments he had, for niaar 
years, been in the habit of disposing of, at times, tt 
different persons^ for a mere trifle. When asked why hi 
chose to sell his books, he said he had none but a pack 
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of §9oi» to leave them, to, and money would Ve of more 
viAue ihaa books. He valued his library, when al Yark» 
at forty or fifty poimds. 

Emerscm, like other great men» had hia foibles and 
defects. He was singular and uncouth in his dress aad 
mannersy and hasty and impetuous in his temper $ but 
iribatever failings he had, they were overbalanced by his 
vfctues. He had a great, firm, and independent mindj 
thM could not be brought to submit to any thing mean, 
bsMiy or disengenuous, by any power on earth :. a pure, 
^Qliuin^ardent love of truth, and detestatwn of fal^)iood« 
of whatever species. His honesty and integrity were 
sadi^ {thai all who knew anything of him reposed in .him 
tha^ imisi implicit confidence ; and no man could ever 
jasti|F complaia that Emerson had deceived him. He h84 
gffftaft pleasure in doing a good and friendly service, to any 
Ofiierriiig person, whenever he had it in his power i an<C 
uadflira rough and forbidding exterior, he concealed a hu- 
mliBC hesuct, that wished to promote the welfare and hap* 
piocai of his feUow creatures. 

:: fielies buried in the church-yard at Hnrworth, at the 
vest end of the chiuch -, against which ih erected to his 
HitoifMry a stone, with the foUovnng inscription. His wife 
samvtod him near two years ; they had no children. 
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^od sob pedibus sepultum 
£t neg^edum jacet . 
Aliqusndo fttit 
'^^'Ir GuuELXxrs EmasoN; 

Vir 
ViiscsB Simplicitatis, 
Samnm intqpitatia^ 
Barissimi ingenii, 
Qntntot fiierit AlathemadcaB. 
IKseripta ejus perleg^^is, 
. VQootsbmiiarrkretsaxum? 






xxiY MEMOIRS OF MR. EMERSON. 

Obiit 2V Maij, 1782. 
iEtat. Ad» 81. - 



Juxta se^ulta jacet 

Elizabetha, Uxor, 

Quae obiit 27*» Martii, 1784, 

TEtat. An. 76. 

That tlic superior acqtiirenients of Mr. Emers 
be iSi^e generally appreciilted> I shall hi^re at( 
translation of the above EpitapB, which, in a few 
express every thing embracing the peculiarities 
character. It y^as writteii, if I am rightly infon 
his friend> Di^. Clotidesley. It runs thus : 

Uiidemeath are interred 

The mortal remains of 

William Emebson, 

Whose Merit and Science remained lon|; unnotice 

although in him wf re i^niied 

The Virtues of Snn'plicity 

and Perfect Integrity, 

with uncommon Genius. 

That^he was a gre&it Ma&ematitBan, 

if yoahain&itead.his Works, 

this Stone need* not; l&form you ; 

Ifnot, 

Read them, and learn. 

He died May 2nBt, If 82, 

In.tii& dUt Year of h% Age. 

Near thid Tomb' also lies 
Elizabets, his' Wife,i 
. Who died Mar^ 27th^ 17^, 
Aged 76. 
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The art of Mechanics being the first that men had occasion to 
make use of, it is reasonable to suppose that it took its beginning 
with man, and was studied in the earliest ages of the world. For 
no sooner did mankind begin to people the earth, than they 
wanted houses to dwell in, clothes to wSear, and utensils to till the 
ground, to get them bread, with other necessaries of life; and 
being thus destitute of proper habitations, and other conveniences 
of living, their wants must inunediately put them upon the study 
of mechanics. At their first setting out, they would be content 
with very little theory ; ' endeavouring to get that more by ex- 
perience than reasoning, and being unacquainted with numbers, 
or any sort of calculation ; and having neither rule nor compass 
to work by, nor. instruments to work with, but such as they must 
invent first of all, nor any methods of working : with all these dis- 
advantages, we may judge what sort of work they were likely to 
make. All their contrivances must be mere guessing, and they, 
could but ill execute what they had so badly contrived ; and must 
be continually mending their work by repeated trials, till they got 
it to such a form as to make a shift to serve for the use designed ; 
and this is the first and lowest state of mechanics, which was 
enough to give a beginning to it; and in this state it, doubtles8,t 
remained for a X^nt^ time, witlhout much improvement. But, at 
length, as men found more leisure and opportunity, and gained 
more experience^ manual arts began to take their rise, and, by de-. 
erees, to mal^e some progress in the world. 
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But we meet with do coDsiderable inveptions in the mechankil 
way, for a long series of ages ; or, if there had been any, the ac- 
counts of them are now lost, through the length of time ; for we 
have nothing upon record for two or three thousand years forward. 
But, afterwards, we find an account of everal machines that were 
in use. For we read in Genesis, that ships were as old, even on 
the Mediterranean, as the days of Jacob. We likewise read that the 
Philistines brought thirty thousand chariots into the field against 
Saul; so that chariots were in use 1070 years before Christ. And 
about the same time architecture was brouR:ht into Europe. And 
1030 years before Christ, Ammon built long and tall ships with 
sails, on the Red Sea and the Mediterranean. And, about nine^ 
years after, the ship Argo was built; which was the first Greek 
vessel that ventured to pass through the sea, by help of sails, 
vnthout sight of land, being guided only by the stars. Daedalus 
also, who lived 980 years before Christ, made sails for ships^ 
and invented several sorts of tools, for carpenters and joiners to 
work with. He also made several moving statues, which could 
walk or run of themselves. And, about 800 years before Christy 
we find in 2 Chron. xv. that Uzziah made in Jerusalem, engines, 
invented by cunning men, to be on the towers and upon the bul- 
warks, to shoot arrows and great stones withal. Corn-mills were 
early invented ; for we read in Deuteronomy, that it was not 
lawful. for any man to take the nether or the upper mill-stone to 
pledge ; yet water was not applied to mills before the year of 
Christ 600, nor wind- mills used before the year 1200. Likewise, 
550 years before Christ, we read in Jeremiah xviii. of the potter's 
wheel. Architas was the first that applied mathematics to me^ 
chanics, but left no mechanical vmtings behind him : he made 
a wooden pigeon that could fly about. Archimedes, who lived' 
about 200 years before Christ, was a most subtle geometer and 
mechamc. He made engines that drew up the ships of Mar- 
cellus at the siege of Syracuse ; and others that would cast a stone 
of a prodigious weight to a great distance, or else several lesser 
stones, as also darts and arrows ; but there have been many fabu- 
lous reports concerning these engines. He also made a sphere 
which showed the motions of the sun, moon, and planets. And 
Posidonius, afterwards, made another which shewed the same 
thing. In these days, the liberal arts flourished, and learning met 
with proper encouragement; but, afterwards, they became neg- 




H^ri 



Wo- 



THE PREFACE. ili 

lected for a long^dme. Aristotle^ who lived about two hundred 
and ninety years before Christ, was one of the first that writ any 
methodical discourse of mechanics. But, at this time, the art was 
contained in a very litUe compass, there being scarce any thing 
more known about it, than the six mechanical powers. In this 
state, it continued till the sixteenth century, and then clock-work 
was ijnyented; and, about 1650, were the first clocks made. At 
this time, several of the most eminent mathematicians began to 
consider mechanics ; and, by their study and industry, have pro- 
digiously enlarged its bounds, and made it a most comprehensive 
science. It extends through heaven and earth ; the whole universe, 
and every part of it, is its subject Not one particle of matter 
but what comes under its laws. For what else is there in the 
visible world, but matter and motion ? and the properties and 
affections of both these, are the subject of mechanics. 

To the art of mechanics is owing all sorts of instruments to 
work with, all engines of war, ships, bridges, mills, curious roofii 
and arches, stately theatres, columns, pendent g^leries, and all 
o^r grand works in building. Also clocks, watches, jacks, cha- 
riots, carts and carriages, and even the wheel-barrow. Architec- 
ture, navigation, husbandry, and military affairs, owe their inven- 
tion and nse to this art ; and whatever hath artificial motion by 
air, water, wind, or cords ; as all manner of musical instruments, 
water-works, &c. This is a science of such importance, that, 
without it, we could hardly eat our bread, or lie dry in our beds. 

By mechanics, we come to understand the motions of the 
parts of an animal body ; the use of the nerves, muscles, bones, 
joints, and vessels : all which have been made so plain, as proves 
an animal body to be nothing but a mechanical engine^ But this 
part of mechanics, called anatomy, is a subject of itself. Upon 
mechanics are also founded the motions of all the celestial -bo^ 
dies, their periods, times, and revolutions. Without mechanics, 
a general cannot go to war, nor besiege a town, or fortify a place ; 
and die meanest artificer must work mechanically, or not work 
at an $ so that all persons, whatever, are indebted to this art, 
from the king down to the cobbler. 

Upon medianics is also founded the Newtonian, or only true 
phik)80pliy in die world. For all the difficulty of philosophy con- 
lilts in ftas ; from some of the principal phaenomena of motions 
to investigate the forces of nature. And dien, firom these forces to 
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demoustrate tlie other phaenomena; all which is to be done upon 
mechanical principles. Thus, from the distances and revolutijoiis 
of the heavenly bodies, the forces of gravity are derived ; and firom 
tiiese forces thus known, are deduced the motions of the planets, 
comets, the moon, and the sea ; as well as the motions of bodies 
upon the surface of the earth. These relate to the visible bodies 
of the universe. But there are also certain forces belonging to die 
small particles of matter, which we are still ignorant of; by 
which they are either impelled towards one another, and cohere 
in regular figures ; or are repelled, and so recede from each other. 
For the particles of different sorts of bodies have different laws; 
since the small particles of some bodies attract one another, whilst 
those of other sorts repel each other ; and that by forces almost 
infinitely various. Upon these forces, the cohesion, solidity, and 
fluidity, of bodies depend. The nature of elasticity, electrid^, 
and magnetism. Upon these, also, depend the principles of fer- 
mentation, putrefaction, generation, vegetation, and dissolution of 
bodies; digestion and secretion in animal bodies; the motion of 
the blood and fluids in animals, and the moving of the members 
by the command of the will ; the exciting sensations in the mind; 
the emission, reflection, refraction, and inflection, of light; freez- 
ing by cold, burning by fire ; all operations in chemistry, &c. 
If these forces could be found out, it would open to us a new field 
in the science of mechanics. But, ibr want of proper experi- 
ments, these forces, among the invisible and imperceptible pai* 
tides of matter, are utterly unknown, and exceeding difficult to 
be discovered ; and, therefore, make no part of the ensuing 
Treatise. Nor shall I meddle with astronomy, as being a subject 
of itself: nor with experimental philosophy, any further than 
concerns mechanics. 

And, although architecture has a great dependance upon me- 
chanics, yet, there are a great many precarious rules in this 
art, invented purely for ornament, and the sake of beauty, whidi 
have nothing to do with mechanics. And, therefore, mechanical 
beauty (that is, strength in due proportion) is all that I have any 
business to meddle with here. 

It has been ignorantly objected by some, that the Newtonian 
philpsophy, like all others before it, will grow old and out of date, 
and be succeeded by some new system, which will then be.a& 
much cried up as this is now. But this objection is very falsely' 




T* l^tM «U(X.^' 



<^'/^H ;Vi hi) A 



». * 



THE PREFACE. v 

made. For never a philosopher before Newton ever took the 
method tiiat be did. For whilst their systems are nothing but 
hypotheses, conceits, fictions, conjectures, and romances, invented 
at pleasure, and without any foundation in the nature of things, 
he, on ^e contrary, and by himself alone, set out upon a quite 
different footing. For he admits nothing but what he gains fit>m 
experiments, and accurate observations. And from this fomida- 
tiouy whatever is further advanced, is deduced by strict mathe- 
matical reasoning. And where this thread does not carry him, 
he stops, and proceeds no further; not pretending to be wise 
above what is written in nature ; being rather content with a 
litde true knowledge, than, by assuming to know every thing, 
run the hazard of error. Contrary to all this, these scheming 
philosophers, being men of strong imaginations and weak judg- 
ments, will run on, ad infinitum, and build one fiction upon 
another, till their Babel, thus erected, proves to be nothing but a 
heap of endless confusion and contradiction. And then it is no 
wonder, if the whole airy fabric tumbles down, and sinks into 
ruin. And yet it seems, such romantic systems of philosophy will 
please some people as well as the strictest truth, or most regular 
system. As If philosophy, like religion, was to depend on the 
fiehion of the country, or on the fancies and caprice of weak 
people. But, surely, this is nothing but rambling in the dark, 
and saying that the nature of things depends upon no steady 
principles at all. But, in truth, the business of true philosophy 
is to derive the nature of things from causes truly existent ; and 
to inquire afier those laws on which the Creator choosed to 
found the world ; not those by which he might have done the 
same, had he so pleased. It is reasonable to suppose, that, from 
several causes, something difiering from each other, the same 
efl^t may arise. But the true cause will always be that from 
wfaidi it truly and actually does arise ; the others have no place 
in true philosophy. And this can be known no way, but by 
observations and experiments. Hence, it evidently follows, that 
the Newtonian philosophy, being thus built upon this solid foun^ 
dation, must stand firm and unshaken ; and being once proved to 
be true, it must eternally remain true, until the utter subversion 
of all the laws of nature. It is, therefore, a mere joke to talk 
of a new phUoaophy. The foundation is now firmly laid : the 
Newtoiiiaa pfaUoaopliy may, indeed, be improved, and further 
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advanced; but it can never be overthrown, notwkbstanding tbt 
efiorts ol^ all the Bernouilli's^ the Leibnitz's, the G«een'i» die 
Berkley's, the Hutchinson's, &c. And even the Frendi, tbem^ 
selves, have at last adopted it, and given up the Cartesian scheme. 

Practical mechanics might be very much improved, if the 
secrets of all trades were to lie open ; and the several mechanics 
used in each trade, duly explained. And experimental philo- 
sophy would be thereby much improved, as well «s the tradei 
themselves. And one trade ' might borrow many great helps in 
workings from another trade. It is not my design to treat at all 
on the lowest part of mechanics,, which concerns manual arts or 
working by hand. For there is no theory required here, but only 
a habit -of wprking, to be acquired by frequent practice. 

I have, in the following book, confined myself entirely to the 
mathematical part, and what depends on it, and is deduced from 
it. And, tbe^fbre, I have, first of aMj laid down and demon- 
strated the general laws of motion^ as a foundation for all the rest 
Then follow the laws of gravity, the descent of bodies, and motion 
of projectiles in free space ; the mechanical powers ; the descent 
of bodies upon inclined planes ;• the vibration of pendulums; 
centre of gravity^ and others; the pressure, strength, and stress, 
of beams of timber; then you have the principles of hydrostatics, 
hydraulics, and pneumatics ; the resistance of fluids ; the powers 
of engines, and the description of machines. In each of these^ 
I have delivered all the fiindamental principles, both in theory 
and practice. And, to make it more universally useful, I have 
demonstrated every thing geometrically ; or, at most, by the help 
only of the lowest and easiest rules of Algebra, for the sake of 
brevity, avoiding all operations by fluxions ; so that the reader 
need not be scared with the thoughts of any difficulty of that 
kind. 

Concerning the machines, I have gnren an account of their 
structure, as far as is necessary to explain their motions and 
efiects ; omitting the description of their minuter parts, not so 
necessary for this «id, and which are easily understood of them- 
selves. I hope the reader will pardon my inseiting among the 
rest, some machines that may seem triflings put in, here and there, 
to Bl up vacant places in the sdiemes. Yet, even in these, there 
is BomeAiBg cnrioos in their structure or notion, that maybe 
worth observing. I might have given the cuts of many more 
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Mni^fiteo iniMiy m suck af oatioii js tiiis^. inhere ntnral ko^nu 
l^iife wtats floe Bnc^mragemeiit, and where no BInoeiiai «|>pe8M 
topatronhe aikl protect it ; and where arts and tieieBces hanf, as it 
tyerey in suspense, whether ll^ey shall stand or fiill ; and where 
ptibiic spirit and Engluh generosity are. just eipmng. This de- 
blbie4>f arts and sciences is wholly, or in a gieafc measure^ owing 
to tfie ambitioD and most extreme avarice ofi the |>r0Bent i^e. 
Where men, Aot being able to lift their eyes above this earthy think 
Dotlnng worth their care, but raking together the dross it affords; 
striving, like • the toad, who shall die with the most earth in his 
|Niws. The dntter part of mankind are entirely engaged in die 
pursuit of filthy lucre ; and the brighter sort are wholly devoted to 
lew, trifling, and often faaibarous diversions. In such mom^itoos 
concerns as these, it isn'O wonder if arts and sciences flag; and 
natoraV knowledge meet vritb nothing but contempt ; and Minerva 
give place to Rutos; Aod^ indeed, if the general temper and 
disposition of men had been die same in all ages, as it is in diis^ 
I am in doubt whether we had ever had any such thing as a mill 
to grind us com ibr bread, or a pump to draw us water. It is 
a trifling excuse for men df exalted station, to urge, diat they 
are unacquainted with such arts or sciences. For learning has 
always been esteemed to be under the pep^diar care and su^ 
pierintendeQcy of the great ; who ought to protect and encourage 
both that, and the profsssors of jt$ or else arts and sciences can 
sever flourish. And as die encourai^ment of these evidently 
tends to the benefit of naankind, and th^^promoting <>f the public 
good, nodiing can excuse s6 gross a neglect, or such a manifiest 
disregard, as they shew, $ir die happiness of their fellow cresh 
stores. The industrious students only have the £aitigue, whilst all 
the world reap the advantage of their labours : 

Sdre voluiit onmes, mercaedem solvere nemo. Juven. 

It is reported ^ Alexander, that he allowed eight hundred 
4alents a year to Aristotle, to defray the expenses of procuring all 
iSorts of living creatures; so that, by his own particular experience^ 
he m^t be enabled to write of the nature and properties of thenU 
And the reasop why the world hath now so few Aristotles, is, be- 
iiiaase there .^ no Alexanders. 
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But, as to the fiite of this book, it is indifleieiit' to me wiurt 
reception it shall meet with in the worid. Not that I am in tiM 
least diffident of the principles here delivered ; for I know thejK 
will stand the strictest examination. Nor would I be tfaooght 
careless concerning the advantage, which my few readers may 
receive from it : for, on the contrary, I have done all I could to 
instruct them, and lead them regularly through this noble and 
useful science. But, in a mercenary age, where there is so little 
encouragement for works of this nature, I am under no concern 
what judgment may be. passed upon it by the ignorant multitude^ 
Yet, I sincerely wish, that my more ingenious readers may find 
what they expect here ; and am in hopes, that they will meet with 
no difficulties, but what they will easily surmount. To effect 
which, 1 have made every thing in this book as full and clear as 
my own abilities, and the nature of the thing, would permit me. 

The kind reception the former editions of this book have met 
with from the public, has induced me to revise and correct it ; 
and to make such further additions thereto, as I thought neces- 
sary for completing so useful a science. Accordingly, I have 
made such alterations and improvements in this edition, as to me 
seemed absolutely necessary, for the benefit of my readers. 

I cannot find that I have omitted any thing mate ial in this 
Treatise, pertinent to my subject. And as my professed design 
was to write a book of Principles, nobody of common sense 
would expect that I should go contrary to that design, and stuff 
my book with calculations of difficult problems, fit only for bodes 
of Alg^bra and Fluxions, and not at kll proper for an elementary 
Treatise. If I had done this, I had not only deserted my sub- 
ject,' and all good method, but also imposed upon my readers, by 
swelling the book, and making them pay dear for superfluities ; 
and that to please a few trifling critics, who know no better. 
These sort of animals live by detraction, and are always snarling 
at what they don't understand, and cannot mend. 

If any such set of critics, assuming the privilege of being 
dictators to the public, and censors of other men's writings, 
should start up, and cry down my book, because not written after 
their crude notions, I would not have my readers be at all suiv " 
prised at this; for it would be more surprising if any thing Of 
value should escape, without being degraded and condemned by 
them. And, for my own part, the only concern it will givte me» 
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win be to despise their doll criticisms, and laugh at their ignor- 



Hen' moreat cimex Pantilius ? ant crucier, quod 

VeUicit sdMentem Demetrias ? aot quod ineptus 

Famms Hermogenis loedat Convira Tigelli ? 

Flotiiis, & Varius, MBcenas, Mrgiliusqae, 

ValginSy probet haec 

Hon. 



WILUAM EMERSON. 
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MECHANICS. 



DEFINITIONS. 



1. "Medunda is a science, which teaches the proportion of the 
ibrces, motioDS, velocities, aind, in general, the actions of bodies 
i^n one another. 

2. Boci^ is the mass or quantity of matter. If a body yields to 
a stroke and reooyecs its.rormer figure again, it is callea.an elastic 
hod^: ifnotyitisifie/as^. 

3. Density of a body is the proportion of the quantity of matter 
contained in it, to the quantity of matter in another Dody of the 
same bigness. Thu^ the density is said to be doable or triple, 
when the quantity .of matter contained in the same space b double 
or triple. 

4. Forc^is a power exerted on a body to move iL If it act but 
for a momedt, it is called the force of perausUm or impulse. . If it 
act constantly, it is called an accelerative force. IS constantly and 
equally, it is called a uniform accelerative force, 

6. velocity is an affection of motion, by which a body passes 
over a certain space in a given time. The velocity is said to be 
greater or less, according as the body passes over a greater or less 
space in the same time. 

6. Motion is a continual and successive change of place. If 
a body moves through equal spaces in equal times, it is called 
equable motion. If its velocity continually increases, it is called 
accelerated motion ; if it decreases, it is retarded motion. If it 
increases or decreases uniformly, it is equably accelerated or re- 
tarded. Likewise, if its motion be considered in regard to some 
<yd)er body at res^ it is called absolute motion. But if its motion 
be considered with respect to other bodies also in motion, then 
it is relative motion. 

7. Direction of matien, is the way the body twfids, or the right 
Ine it moves in. 
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8. Quantity of motion is the motion a body has, both in re- 
gard to its velocity, and quantity of matter. This is called tin 
momentum of a body, by some mechanical writers. 

9. Vii inertia is that innate force of matter by which it rensti 
any change, and endeavours to preserve its present state of motion 
or rest. 

10. Gravity is that force wherewith a body endeavours to de- 
scend towards the centre of the earth. This is called aUotnAit 
gravity y when the body tends downwards in free space : and r^ 
five gravity is the force it endeavours to descend with in a fluid. 

1 1 . Specific gravity of bodies is the greater or less weight of 
bodies of the same magnitude ; or the proportion between these 
weights. The specific gravity is said to be double or triple^ wfaea 
the weight of tlie same bulk of matter is double or triple. 

12. Centre of gravity of a body is a certain point in it, upon 
which the body being freely suspended, it would rest in any posi- 
tion. 

13. Centre of motion of a bod^ is a fixed point about which 
the body is moved. And the axis of motion is the fixed axis it 
moves about. 

14. Weight and power y when opposed to one another, nsniiy 
the body to be removed, and the body that moves it. That bbdy 
which communicates the motion is called the power; and that 
which receives it, the xoeight, 

15. Equilibrium is when two or more forces acting against one 
another, none of them overcome the others, but destroy one an- 
other's effects, and remain at rest. 

16. A fluid is a body whose parts yield to any impressed 
force ; and by yielding are easily moved among themselves. 

17. Hydrostatics is a science that treats of the properties of 
fluids. 

18. Hydraulics is the art of raising or conveying virater by the 
help of engines. 

19. Pfieumatics is a science that treats of the properties of the 
air. 

20. Machine is any mechanical instrument contrived to move 
bodies, or to perform some particular motions. The mechanical 
powers are simple machines. 

21. Engine is a mechanic instrument composed of levers^ 
wheels, puUies, screws. Sec. in order to move, lift, or sustain 
some great weight, or perform some great effect. This is the 
largest and most compounded sort of machines. 

22. Mec^nic /Totrers are the balance, the lever, the wheel^the 
pulley, the screw^ and the wedge. To which some add^ the in* 
clined plane. 

23. Stress is the efiect of a force acting against a beam^ or any 
thing to break it, or the violence it sufiers by that force. TTie 
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Dootsary to this is strensthy which is the resistance any beam is 
lUe to make against a force endeavouring to break it. 
• 24. Frictioa is the resistance arising from the parts of machines^ 
m of any bodies rubbing against one another. 

POSTULATA. 

1. That a small part of the surface of the earth, or the horizon^ 
HHty be looked upon as a plane. Though this is not strictly true, yet 
t£ d^ers insensibly in so small a space as we have any occasion 
to consider it. 

2* Heavy bodies descend in lines parallel to one another, and 
perpendicidar to the horizon: and they always tend perpendi- 
cular to the horizon by their weight. For this is true as to sense, 
because the lines of dieir direction meet only at the centre of the 
eaurth, taken as a perfect sphere. 

3. The weig!)t of any body is -the same in all places at or near 
the surface of the earth. For the difference is insensible at any 
heights to which we can ascend. Though, in strictness, the force of 
giavity decreases in ascending, from the earth'^ surface, in flie 
ledprocal ratio of the squares of the heights from the earth's 
oeDtre. 

4. We are to suppose all planes perfectly even and regular, 
all bodies perfectly smooth and homogeneous, and moving with- 
oot friction or resistance ; lines perfectly straight, and inflexible, 
without weight or thickness ; cords extremely pliable, &c. For 
though bodies are defective in all these, and the parts or matter, 
idiereof engines are made, subject to many imperfections, yet we 
must set aside all these irregularities, till the theory is established ; 
and afterwards make such allowance as is proper. 

AXIOMS. 

' 1. Every body perseveres in its present state, whether of rest, 
or moving uniformly in a right line, till it is compelled to change 
tfiat state by some external force. 

2. The alteration of motion, or the motion generated or de« 
str^ed in any body, is proportional to the force applied, and is 
made in the direction of that right line in which the force acts. 

3. The action and re-action between two bodies are equal, and 
in contrary directions. 

4. The motion of the whole body is made up of the sum of the 
motions of all the parts. 

5. The weights of all bodies in the same place, are propor- 
tional to the quantities of matter they contain, without any regard 
to their bulk, figure, or kind. For twice the matter will be twice 
as heavy, and thrice the matter thrice as heavy ; and so on. 

6. The vis inertis of all bodies is proportional to the quantity 
of matter. 
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7. Eveiy body will desoend to the lowest plaee it can ( 

8. Whatever sustains a heavy body, beam all the weigl 

9. Two equal forces acting against one another in < 
directions, destroy one anothePs effects. 

10. If a body is acted on with two forces in contrar 
tions^ it is the same thing as if it were only acted on i 
difference of these forces, in direction of the greater. 

11. If a body is kept in equilibrio^ the contrary 'foroes 
one line of direction, are equaU *°^ destroy one another. 

12. Whatever quantity of motion any force generates in 
time, the same quantity of motion will an equal force d€ 
the same time, acting in a contrary direction. 

13. Any active force will sooner or more easily ovei 
lesser resistance than a greater. 

14. If a weight be drawn or pushed by any power, it 
or draws all points of the line of direction equally. And 
same thing, ii^tever point of that line the force is applied 

15. If two bodies be moving the same way, in any ri 
their relative motion will be the same, as if one body sto 
and the other approached, or receded from it with the di 
of their motions ; or with the sum of their motions, if the 
contrary ways. 

16» If a body is drawn or urged by a rope, the directioi 
force is the same as the direction of that part of the rope i 
joining to the body. 

17. If any force is applied to move or sustain a body, b 
of a rope, all the intermediate parts of the rope are 
distended, and that in contrary directions. 

18. If a running rope go freely over several pullieSi 
parts of it are equally stretched. 

19. If any forces be applied against one end of a free 
beam, the other end will thrust or act with a force, in dire 
its length. 

20. The parts of a fluid will yield, and recede towards ti 
where it is least pressed. 

' 21:. The upper part of a fluid is sustained by the lower 

Explanation of the CfiARACTERB: 

OC as, or in a given proportion to. 
Perp. perpendicular. 
Had. radius. 
S. the sine. 
Cos. the cosine. 
Tan. the tangent. 
Cotan. the cotangent. 
Sec. the secant. 




SECTION FIRST. 
THE GENERAL LAWS OP MOTION. 



PROPOSITION L 



FLtCATC BATIO OF T 

^Mt bf Dettnition 3, if the mHgnitudei be equal, the matter will 
Im u Aie densities. Aad if the deiuitiet be equal, the muter 
*ill be ai the nu^itudes. Tfaerefbre, the matter is univenally in 
fitcompoiiDd ratio of both. 

Corollary t. — The quantUki of matter in imiltir bodiet, are at 
^'daakia ami ctAet of their cite' dimeiaioru, m a tphere. The 
bagoitude it as the cabc of the diameter. 

Car. 2. The quanticiet ^matter are m the magiutiidet aud ipeciSc 
pteitiet. For the ipecinc gravities ate a^ the densities, by 



PROP. II. 

VwE QUAKTiTies OF uaxion, m all 
tTEB, A HE IK rue 

OF KATIES AND T( 

fax a the Tdqcitieg : 
temu 

iffltG. 



THE ftUANTITIU 
, VELOflTlES. 

e eqtial, it k '""■*i^ (hf Axioai.4,) that 
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relocities. Therefore, uniYersally, the quantities of motioii are in 
the compound latio of the velocities and quantities of matter. 

Cor. In anif nrrt ofmo'ion^ the quantity of motion is a$ the mm 
of all the prodttcti of tvery partklt of matter multiplied by iti rofeO' 
tive velocity. 

For ttie quantity of motion of any particle is as that particle 
multiplied by its velocity ; and as each particle of the same body 
moves with equal velocity, the motion ot the whole will be the sum 
of the motions of all the parts. 

PROP. III. 

In all uxiform motions, tue space described is in the 
complicate ratio of the time and velocity. 

For it is evident, if the velocity be given, the space described 
by any body, will be as the time of its mov.ng. And, if the tim^ 
be given, the space described will be greater or less, according 9S 
the velocity is greater or less ; that is, the space will be as the ve^ 
locity. Therefore, if neither be given, the space will be in tb^ 
compound ratio of both the time and velocity. 

Cor, The time is as the space directlyy and velocity redprocaUy* 

PROP. IV. 

The motion generated by any momentary force^ is. A^ 

the force that generates it. 

For if a certain quantity of force generates any motion, a double 
quantity of force will generate double the motion ; and a trtpf^ 
iorce, triple the motion ; and so on. 

Cor. The space described is as the force and time directfy, ^Btli" 
quantity of matter reciprocally. 

For by this Prop, the force is as the motion, that is (by Prop»- 
II.) as the matter and velocity; therefore, the velocity is as taB. 
force directly and matter reciprocally. Also (by Prop. III.) thie 
space is as the time and velocity, and therefore as the time a&d 
force directly, and matter reciprocally. 

Scholium. — Let b rz body or quantity of matter to be moved. 

fzz force of impulse acting on the body b, m zi momentum or 

quantity of motion generated in 6. v =: velocity generated in b, 

s~r= space described by the body b. t ^z time of describing tfail,' 

space s with the velocity v. , '.' 

Then, by the three last Props, we shall have m cc bv,s qc tv^ 
and f ccm. By the help of these three general proportions, fte 
relation, of &e spaces, times, velocities, &c. may be foond^ ii|xm> 
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all BappoBitions. And thence all the laws and proportions 
belonging to uniform motion, may be readily and imirersally 
ttsol^Bd : eipnnging such as an not concerned in &e qutftioD ; 
and rejecting all those that are given or constant ; and idso those 
tet are in both terms of the proportion. Tlius we shall get in 
general, 

/ a w a fcv a -- 
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PROP. V. 



^K ANY MOTION, GENERATED BY A UNIFORMLY ACCELERATING 
FORCE, THE MOTION GENERATED IN ANY TIME IS IN THE 
COMPLICATE RATIO OF THE FORCE AND TIME. 

^ Por in any given time, the motion generated will be propor- 
tional to the force that generates it, this being its natural and 
Equine effect. And since in all the several parts of time, the 
fixoe is the same, and has the same efficacy, therefore the motion 
S^Mierated will also be as the time : whence universally, the 
aiotion generated is in the compound ratio of both the force and 
tile time of acting. 

Cor. 1. This PropogUion is equally true in respect to the motion 
W or destroyed in a moving bodyy by a force acting in a contrcafy 
direction. By Axiom 12. 

Cor, 2. If the space through widch a body is moved by any forces 
he divided into an indefinite number of small equal parts ; and tf, in 
each part, the accelerative force acts differenthf upon the body, 
mcordmg to any certain law ; and tf there be taken the product of 
tikaec£ratine force in eadi part multiplied by the time of passing 
through it ; then I smf, 

At amf fm^brm accelerative force xiy the time of acting (Jfl) : 

ToUe moHon generated in that time (M) 
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So the sum of ail the productt of each partiatlarjaree and tmi: 
To the motitm pneratcd in thu whole time^ b^ the vmiabiefint. 
For (by this Proposition) the time of describing any pert X 
by the rorce ; motion generated in that time : :'F x T: M. tee- 
fore by composition, the sum of all the productSy to the ufaoie 
motion generated, is also as F T, to M. 

Cor. 3. The velocity (generated (or destroyed) in any time^ it et 
the force and time directly ^ and the quantity of matter rednrocdhf, 

ioT (by Proposition 11.) the quantity of motion is as the matter 
and Telocity ; therefore, the velocity is as the motion directly asd 
the matter reciprocally, that is, (by this Proposition) as the foice 
and time directly, and the matter reciprocally. 

drr, 4. Tlie increase or decrease of any velocity, generated or 
destroyed in any time, is as the force and time directly y aid the matter 
reciprocally. 

This follows from Corollary 3, because all effects are proportioiul 
to their causes. 

PROP. VI. 

In any motion generated by a uniform accelerative 
force, tue space described from the begimning of 
tue motion, is in the complicate ratio of the last 
velocity, and the time wherein it is generated. 

For suppose the time divided into an infinite number of equal 

parts, each of which call 1, and let the times from the beginDin| 

be 0, 1, 2, 3, 4 .... to ^. and let c be the velocity generated 

at the end of the time 1 ; then by Cor. 3, of the last Prop, the 

velocity generated in the same body, by the same force, m the 

times 0, 1, 2^ 3, 4 .... f, will be respectively o, c, 2c, 3c, 4C) 

. ; . . to fc. And b^ Prop. -III. the spaces described in eflC^ 

given part of time, will, be as the time (1), and the velocity.; an^ 

therefore these spaces will be o, c, 2c, 3c, ... . tc ; and the sum of 

all these is the whole space described by the body. But the sum of the 

arithmetic progression, 0, c, 2c, 3c, 4c . . . tc where the number o^ 

-f* te tc 

terms is very great — r — X f , or -^ x *. but tc is the last vdo- 

city, and t the whole time, therefore the whole space is aS 
{tc X t) the velocity and time conjunctly. 

Cor. 1 . If a body moves uniformly forward with the velocity 
acquired by a uniform accelerative force, it will describe twice the 
space in the same or an equal time, thaf it described by the accderat" 
ive force. 

For here the spaces described in the several small parts of time 
will be tc, tc, tc. . &p. to t termsy whose sum is tc x t. And the 
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f the imner spaces, described by the ticcelerating 'foroe^ was 

. tc 
f. Jmt fc ^ * is to — X f, as 2 to 1. 

.2. Since any ' actwe fnrce U ain emkmkmr ■ df putting a 
ilo motion; therefore the adequate and immediate effect if an 
oitingfotce is eitfier motion, orptetture, or both, 

OLiUM. — Let b = body or quantity of matter. JF=ac- 
ive force acting unifbrmly and equally on the body b. 
»locity generated in b by the force F. m^ motion generated 
s z= space described by 6. t=z time of describing the 
s. 

n the two last propositions, together iprith Prop. II. will 
i all questions relating to the times, forces, velocities, &c. 
formly accelerated motions. Thus m at bv^m cc Ftf and 
. whence we have in general. 
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ce, if m, 6, &c. be given ; such quantities must be left out. 

■ , ... 

PROP. VII. 

T FORCE ACTIKG ON A BODY AT A IN DIRECTION AB, 
SE THE BODY TO PASS THROUGH THE SPACE AB IN ANY 
E, AND ANOTHER SIMILAR FORCE ACTING IN DIRECTION 
, WOULD MOVE IT THROUGH THE SPACE AC IN THE SAME 
£, I SAY, BY BOTH FORCES ACTING TOGETHER, IN THEIR 
•PER DIRECTIONS, THE BODY WILL, IN THE SAlA TIME, BE 
TED THROUGH THE SPACE AD, THE DIAGIJKAL OF THE 
LALLELOGRAM ABDC. 



Case I. (Iigw€ U Pkte 10 
the forces at A cause the body to move uniformly along 
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the lines AB, AC. Then since the force ftctiiig in direction AC 
parallel to BD, by Axiom 3, will uot alter the Telocity tmwif 
the line BD ; the body therefore will arrive at BD in the Nlbe 
time, whether the force in direction AC be impressed or Ml: 
therefore, at the end of the time, it will be found s o a ae wh aw in' 
BD. By the same argument, it will be found somewhere in die 
line CD ; therefore it will be found in D, the point of intersectkm ; 
and by Axiom 1, it will move in a right line from A to D. 

Otkenvite: 

Suppose the line AC to move parallel to itself into the place 
BD, whilst A moves from A to C, then since this line ana the 
body are both equallv moved towards BD, it is plain the b6dy 
must be always in the moveable line AC. Thererore, when AC 
comes to the position bg, let the body be arrived at J; then, 
since both the line AC moves uniforml^f along AB, and the body 
A along AC ; therefore it will be as A6 : M: : AB : BD, therefoie 
Ac/D is a right line. 

Case II. 

Let the body be carried through AB, AC, by an acoelerttive 
force. Then, by Prop. VI. the space described will be as the line 
and velocity, and therefore the velocity will be as the space direcdy 
and time reciprocally. Also, by Cor. 3, Prop. V., when the force 
and the body is given, the velocity is as the time. Whence the 
time will be as the space directly and time reciprocally, and the 
space as the square of the time. That is, the same body acted on 
by the same force will describe spaces which are as the squares 
of the tiroes. Now let the time of describing AB or AC be 1 ; 
and let the line AC move along with the bodv, always parallel to 
itself, and in the time t, let it arrive at bg, and the body at 
d, moving towards g. Tlien, from what has been said, it is as 1 : 
tt : : AB : Aft, and also as 1 : « : : 2^ or BD : W. whence AB 
: Ab :: BD :bd. therefore ArfD is a right line. 

And if you suppose the space to be as the nth power of the 
time, it will still be, 1 : <" f. AB : A6 f. BD : bd; and AdD is 
a right line for any similar forces. 

Case III. (Bg. 1. PI I.) 

But if the body A be carried through AD by a uniform force, 
in the same time that -it would be carried through AM by an 
accelerative force, then, by both forces, acting together, it will,- at 
the end of that time, be found in the point H, of the parallelo- 
gram MADH ; but then the line it describes AGH, will not be a 
right line. 



V 
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■CpTmU Thforptf^mtkedireetiomABf^AC, AD, «re f^nec*- 
tml^rpropartiomd to the imes, AB, AC, AD. 

for bj Cor. Piop. IV. the time and the qiuntitv of nttter 
bewg given; the foree is directly as the space descnbed. And 
in aoodenled motioD, the same is true, by Prop. V. Cor. 3. aod 
Prop. VI. 

Cor. 2. Tke two Mique forces, AB, AC, are equivalent to the Ji'i^fe 
direct force AD, which mm/ be compounded of these two, by drawitig 
the diagonal of the parallelogram AD. 

Cor. 3. Any single direct force AD, may be resolved into the two 
oblique forces whose quantities and directions are AB, AC, having 
the smne effect, by describing aany parallelogram. vohose diagonal t| 
AD. 

Cor. 4. A body being agitated by two forces at once, will past 
tkrot^h the same point, as it would do if the two forces were to act 
sqf&rateh ond successively. And if any new motion be impressed on 
a bddkf tuireaiiy in motion, it does not alter its motion in lines parallel 
to its former direction. 

Cor. 5. (Fig. 2. PI. I.) If two forces, as AB, AC, act in the di- 
rections AB, AC, respectively, draw AR to the middle of the right 
line BC, emd 2 AR is the force conqtounded out of these, and AR 
Hidb^^ien. 

PROP. Vni. {Fig. 3. PI. I.) 
Let there be three forces. A, B, C, of the same kino^ 

ACTING AGAINST ONE ANOTHER, AT THE POINT D, AND 
WHOSE DIRECTIONS ARE ALL IN ONE PLANE; AND IF THET 
KEEP ONE ANOTHER IN EQUILIBRIO, THESE FORCES WILL BE 
TO EACH OTHER RESPECTIVELY, AS THE THREE SIDES OF A 
TRIANGLE DRAWN PARALLEL TO THEIR LINES OF DIRECTION, 

DI, CI, CD. 

Let DC represent the force C, and produce AD, BD, and 
complete the parallelogram DICH : And by the last Prop, the 
force DC is equivalent to the two forces DH, DI ; put, therefore, 
the forces DH, DI instead of DC, and all the forces will still be 
in equilibrio. Therefore, by Ax. II., DI is equal to its opposite 
force A, and DH or CI equal to its opposite force B. Therefore, 
the three forces A, B, C are respectively as DI, CI, CD. 

Cor. 1. Hence the forces. A, B, C are respectively as the three 
ndes of a triangle, driwn perpemUaUar to their lines of direction, or 
m amf given angle to them, on the same side. For such a triangle 
will m simyer to th^ former triangle. 

Cor. 2. The three forces ABC wiU be toeach other as the sines of 
theangks throngk whick their respective lines of direction do pass^ 
when produced : 
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For Dl : CI : : S.DCI or C1>B : S.CDI or CDA. 

And CI : CI) :: S.CDI or CDA : S.CHD or HDI or ADB. 

Cor. 3. Jj' there Ih: rvir w manuftn'cct acting against any wmU 
in otic platii'y and hrp out atuither m equitihrii}, they may he ml ft- 
dtuetl to the action of three, or even of two equal and opposite ones. 

For if HI), ID be two forces, they are equivalent to the single 
force DC. and^ in hke manner, A and H may be reduced to a sin- 
gle force. 

Cor. 4. And if ever so many forces in different planes, acting 
against one ptnnt, keep one another in equifihrio, they may be aU 
7'educed to the actums of svverid forces in one plane, and, conseqventfy, 
to two etfuat and oj}p<mte ones. 

For if the four forces, A, B, II, I, act against the point D, and 
II, I, be out of the plane ADD, let DC be the common section of 
the planes ADB, HDI ; then the forces 11, 1, are reduced to the 
force C, in the plane ADB. 

SciiourM. — ^This Prop, holds true of all forces whatever, whe- 
ther of impulse or percussion, thrusting, pulling, pressing, or 
whether instantaneous or continual, provided they be all of the 
same kind. 

Hence, if three forces act in one plane, their proportions are 
had ; and if one force be given, the rest may be found. And if 
four forces act, and two be given, the other two may be found ; 
but if only one be given, the rest cannot be found ; for in the 
three forces. A, B, C, the force C may be divided ipto other 
two, an infinite number of ways, by drawing any parallelogram 
DICH about the diagonal DC ; and, in general, if there be any 
number of forces acting at D, and all be given but two, these 
two may be found ; otherwise not, though the positions of them 
all be given. 

PROP. IX. {Fig, 4. PL I.) 

If one body acts against another body, by any kind of 
force whatever, it exerts that force in the direction 
of a line perpendicular to the surface whereon it 

ACTS. 

Let the body B be acted on by the force AB in the direction 
AB. Let the body C and the obstacle O, hinder the body B from 
moving; divide the force A B into the two forces AD, AE, or 
EB, DB, by Cor. 5, Prop. VIT. the one perpendicular, the other 
parallel to the surface DB ; then the surface DB receives the 
perpendicular force EB, and the obstacle O the parallel force DB ; 
take away the obstacle O, and the force DB will move the body B 
in a direction parallel to the surface, with no other eflffect Aan 
what arises from the friction of B against that surfece, occasioned 
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by tiie pressure of B against it by tlie force EB ; wbidi^ if the 
soiftce be perfedly smooth and void of tenacity, -will be ti04hing. 
Ttn^ fioirce DB^ ^r^re, having no effect, the remaining force £B 
will be the only one whereby £be body B acts against the surface 
DB^ and that in direction £B, perpendicular to it. 

€4^', \. If a given body B strike another body C obliquely y at any 
angle ABD, the magnitude of the stroke will tie directly as the velo- 
city and the sine of the angle of incidence ABD ; ana the boefy C 
receives thai strike in the direction £B perpendicular to the su^ace 
DB. 

For if the angle ABD be given, the stroke will be greater in 
proportion to the velocity ; and if the velocity AB be given, the 
stroke will be as AD, or S. Z. ABD ; or the magnitude of .the 
sti|^ is as the velocity wherewith the body approaches the plane. 

Cor. 2. (Fig. 5. PI. I.) If a perfectly elastic body A impinges <m 
a hard or elastic body CB at B, it wUl be reflected from it, $o that 
the angle of reflection will be equal to the angle of incidence. 

For the motion at B parallel to the sur&ce is not at all diang^d 
bj the stroke ; and, because the bodies are elastic, they recover 
their figure in the same time they lose it by the stroke ; therefore, 
the velocity in direction BE is the same after as before the stroke. 
Let AE, BE, represent the velocities before the stroke, and ED 
(=: AE) and BE the respective velocities after the stroke ; then in 
the two similar and equal triangles, AEB, BED, Z. ABE is equal 
toEBD. 

But since no bodies in nature are perfectly elastic, they are 
something longer of regaining their figure ; and, therefore, the an- 
gle DBF will be something more acute than the Z. ABO. 

Cor, 3.- If one given body impinges upon' another given body, the 
magnitude of the stroke will be as the relative velocity between the 
bodues. 

For the magnitude of the stroke is as the line BE, {Fig. 4. 
PL I.) or the velocity wherewith the bodies approach each other ; 
that is, as the relative velocity. 

Cor. 4. And in any bodies whatever, if a body in motion strike 
against another, the magnitude of the stroke wiU be as the motion lost 
hy the striking body. 

For the motion impressed on the body that receives the 
stroke is equal to the magnitude of the stroke ; and the same 
motion by Ax. 3, is equal to the motion lost in the striking body. 

Cor. 5. A non-elastic body striking another non-elastic bo^^ only 
loses half as much niotion as if the bodies were perfectly elastic. 

For the non-elastic bodies only stop; but elastic bodies recede 
with the sao^e velocity they meet with. 
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Cor. f}. Unu't; «/«i, UfoliowSf that if one Ai*r/y actt upon aiwHier, 
/*v striking;, ptrsslnfi^ Ar. the otlwr n -net* iqnm this in the direction 
nf II liiH- //trjH uitifu/tii' to thf sitrftivr whvnon thty act. By Ax. 3. 

S( iioi.MM.— 'riioni^li ilw; nKtinciituin, or tjiiantity of motion, in 
a luoiiii,' IxMly, is a quiU; JiNtinct thing foni the force that gene- 
rate> it, \et, wlieii it strikes another hotly and puts it intomotion, 
it may, with rt'spiH.'! to that otlier bo<ly, Ik* coiisiderei) as a certain 
(piaiitity of force profMiitional to the motion it generates in the 
other 1xk1\. 

Also, althoimh tlie motion (^ener.iletl by tlie impulse of another 
body is coiiNldcri-d as ^fiieiatefl in uii instant, n))on account of 
the very sinall time it is ])erforined in, yet, in matliematical strict- 
ne>s, it is absolutely im])ossible that any motion can be generated 
in an instant, Ijy impulse or any sort of finite force whatever. 
Tor when we eonsidcr that l\\v. parts of the body ^hich yield to 
the stroke, are forced into a new position, there will be required 
some time for the yield iii|{ parts to be moved through a certain 
space into tl.is new position. Now, during this time, the two 
Iwdies are acting upon each otlier with a certain accelerative force,. 
which, in tliat time, generates tliat motion, which is the effect of 
the r natural impulse. So that it is plain that this is an effect 
produc(?d in time; and the less the time, the greater the force; juid 
if the time be intinitely small, the force ought to Imj infinitely great, 
wliich is imp ssible. But by reason thai this eftect is produced 
in so small a time as to be utterly imperceptible, so that it cannot 
be brought to any calculation, upon this account the time is en- 
tirely set aside, and the whole eftect imputed to the force only, 
which is therefore sup])Osed to act but for a moment. 

Tlie quantity of motion in bodies has been j^roved to be as the 
velocity and quantity of matter. Ihit the momentum or quantity 
of motion may be the same in different bodies, and yet may have 
very different effects u])oii other bodies, on which they impinge. 
For if a small body with a great velocity impinge \ pon another 
body; and if, by reason of its ^reat velocity, it act more strongly 
upon the small ])art of the body which it impinges, than the force 
of cohesion of tlie parts of that body; then the part acted on will, 
by this vigorous action, be separated from tlie rest ; whilst, by reason 
of the very small time of acting, little or no motion is communi- 
cated to the rest of tlie body. I Jut if a great body with a small 
velocity strike another body, and if, by reason of its slow niotion, 
it does not act so vigorously as to exceed the force of cohesion^ 
the part struck will communicate the motion to the rest of the 
body, and the whole body will be moved together. Thus, if a 
bullet be shot out of a gun, the momentum of the bullet and piece 
are equal ; but the bullet will shoot tlirough a board, and the gun 
will only jump a little against him that discharges it. Therefore, 
small bodies, with great velocity, are more proper to tear in 
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pieces; tad great bocGes with small velocitj, to sln^ m moVe 
die wkole. 

PROP. X. 

Thb sum of the motions of any two bodies in any one 
line of direction, towards the same parj^ cannot bb 
changed by any action of the bodies upon each othbry 

WHATEVER FORCES THESE ACTIONS ARE CAUSED BY, OB THE 
BODIES EXERT AMONG THEMSELVES. 

Here I esteem progressive motions, or motions towards the same 
part, affirmative; and regressive ones, negative. 

Case L 

Let two bodies move the same way, and strike one another 
direedy. Now, since action and re-action (by Ax. 3.) are equal 
and contrary,' and this action and re-action is the very force by 
which the new motions are generate'd in the bodies, therefore, (by 
Ax. 2.) there will be produced equal changes towards contrary 
parts. And, therefore, whatever quantity of motion is gained l^ 
the preceding body will be lost by the following one ; and, conse- 
quently, their sum is the same as before. 

And if the bodies do not strike each other, but are supposed to 
act any other way, as by pressure, attraction, repulsion, &c., jret 
still, since action and re-action are equal and contrary, there will 
be induced an equal change in the motion of the bodies, and in 
contrary directions; so that the sum of the motions will still re* 
main the same. 

Case IL 

Suppose the bodies to strike each other obliquely; then, since 
(by tne last Prop.) they act upon each other in a direction per- 
pendicular to the surface in which they strike, the action and re- 
action in that direction being equal and contrary, the sum of the 
motions, the same way, in that line of direction, must remain the 
same as before. And since the bodies do not act upon each 
other in a directioh parallel to the striking surface, therefore 
there is induced no change of motion in that direction. And 
thefefore,universalIy,thesum of the motions will remain the same, 
considered in any one line of direction whatever. And if the 
bodies act upon one another by any other forces whatever, still 
(by Ax. 2, and 3,) the changes of motion will be equal and con- 
trary, and their sum the same as before. 

Cor, 1. 'Fht ium of the motions of any system or number of bodies, 
in atuf one line of direction, taken the same way, remains always the 
same^ whatever forces these bodies exert upon each other; esteeming 
contrwy motions to be negfltive, and, therefore, 
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Otr, 2. The $iim (rf the mftioiu of all the bntHa m theworldf etfi- 
nmtid in one (umI the mme line of'direetion, and aiwayt the $ame wtoff 
is ittrnully and iniariabfi/ the tamr ; esteeming these motions afi^ 
matin whieh are pr-ifffreKsirey in" direetiii the same teay ; and the re- 
fP'txsive Motions nef^ative. Amly therefore, in this seme^ motion ea 
neither lie imreased nor diminished' But, 

Cor. 3. If yon nekon the motionx in all direetions to he affirmar 
tire, then the qnantity of motion mat/ Ite inereascd or deereaseaan in- 
finite nitnilnr of wai/s. Ax, snpjww two equal non-^loslic bodies to 
meet one another with equal reloeitieSy thty will both stop and lose all 

their motions. 

For let M be tlic motion of each, then, before meeting the sum 
of their motions is M-(-M; and after their meeting, it it o. Bat 
in the sense of this Prop.M — M is the sum of the motions befine 
they meet, because they move contrary ways, which is o; and it ii 
the same after they meet. And thus a man may put several bodies 
into motion with his hands, which had no motion before; and 
that in as many several directions as he will. 

PROP. XL 
Tiir MOTIONS or bodies included in a given space, are 

Tin: SAME AMONG THEMSELVES; WHETHER THAT SPACE IS AT 
REST, OR MOVES UNIFORMLY FORWARD IN A RIGHT LINE. 

For if a body be moving in any right line, and there be any 
force equally impressed, both upon the body and the right line in 
any direction ; and, in consequence of this, they both move uni- 
formly with the same velocity ; now, as there is no force to cany 
the body out of that line, it must still continue in it as before ; and 
as there is no force to alter the motion of the body in the right 
line, it will (by Ax. 1.) still continue to move in it as before. For 
tlie same reason, the motions of any number of bodies moving in 
several directions, will still continue the same; and their motions 
among themselves will be the same, whether that space be at rest, 
or moves uniformly forward. 

Likewise, since the relative velocities'of bodies, (that is, the dif- 
ference of the real velocities the same way ; or their sum,difierent 
ways) remain the same, whether that space be at rest, or it and the 
bodies move uniformly forward all together; therefore their mu- 
tual impulses, collisions, and actions upon one anothw, being (by 
Cor. 3. Prop. IX.) as the relative velocities, must (by Ax. 3.) 
remain the same in both cases. 

Scholium. Before I end this section, it may not be amiss to 
mention a certain kind of force, called, by the roreigners,t;M viva. 
This they terra, a faculty of acting ; and distinguish it from the vis 
mortutty which, with them, signines only a solicitation to motion. 
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suidi as pressure, graTity^ &c. : concerning this vU viva they talk so 
obscurely, that it is hard to know what they mean by it But 
ttiey measure its quantity by the number of springs which a mov- 
hag body can bend to the same degree of tension, or break; wbe- 
flier it be a longer or shorter time in bending them. So that the 
ots viva is the total effect of a body in motion, acting till its motion 
be all spent. And, according to this, they find that the force (or 
vis viva) to overcome any number of springs, will always be as 
tfie body multiplied by the square of the velocity. 

Suppose any number of equal and similar springs placed at 
equal distances in a right line, and a body be moved in the same 
light line against these springs; then the number of springs which 
tint body will break before it stop, will be as the square of its ve- 
locity; whatever be the law of the resistance of any spring in the 
wtreral parts of its tension; for, from the foregoing Prop, it ap- 
pears, that the swifter the body moves, so much the less time has 
any spring to act against it to destroy its motion; and, therefore, 
flie motion destroyed by one spring vrill be as the time of its act- 
ing; and by several springs, as the whole time of their acting; and, 
consequently, the resistance is uniform. And since the resistance 
is uniform, the velocity lost will be as the time, that is as the space 
directly and velocity reciprocally ; whence the space, and there- 
foe^ the number of springs, is as die square of the velocity. And 
upon this account they measure the force of a body in motion, by 
we square of the velocity. So at last the vis viva seems to be the 
total space passed over, by a body meeting with a given resistance, 
iiiiidi space is always as the square of the velocity. And this 
4MMBes to the same Uiing as the force and time together, in the 
oonmum mechanics. 

- Now it seems to be a necessary property of the visvivoy that the 
vesistanoe is uniform ; but tiiere are infinite cases where this does 
Bol happen; and, in such cases, this law of the vis viva mustfiul. 
And since it finis hi so many cases, and is so obscure itself, it 
eii^t to be weeded out, and not to pass for a principle in mer 
cfaanics. 

^Likefwise, if bodies in motion impinge on one another, tlie con- 
servation of the vis viva can only take place when the bodies are 
perfisctly elastic But as there are no bodies to be found in na- 
tme which are so; this law will never hold good in the motion of 
hodies alter impulse, but, in this respect, it must etemally fail. 

. This notion of the tTts viva v?as first introdaced by M. Leibnitz, 
who believed that every particle of matter was endued vrith a liv- 
ing soul. 



SECTION SECOND. 

THE LAWS OF GRAVITY, THE DESCENT OF 
HEAVY BODIES, AND THE MOTION OF PRO- 
JECTILES, IN FREE SPACE. 



PROP. XII. 

The same quantity of forcc i3 requisite to keep a boot 
in any i'm form motion, directly upwards, as is »£- 
quired to keep it suspended, or at rest. 

And if a body descends uniformly, the same force that 
i.s sufficient to hinder its acceleration in descendtvo, 
is equal to the weight of it. 

For the force of gravity vrill act equally on the body in . any 
state whether of motion or rest; therefore, if a body is projected 
directly upwards or downwards, with any degree of Telocity, it 
would for ever retain its velocity if it were not for the force of 
gravity that draws it down, (by Ax. 1 .) If, therefore, a force e^oal 
to its gravity were applied directly upwards; then (by Ax. 9.) 
these two forces destroy each other's effects ; and it is the 9apae 
thing as if the body was acted on by no force at all; and, there- 
fore, (by Ax. 1.) it would retain its uniform motion. 

Cor, But if a Mxf be moved upwards with an accelerated motion, 
the force to cause that motion will he greater than its weight; mid 
that in proportion to its acceleration, (by Ax. 10.) 

PROP. XIII. 
The VELOCITIES of falling bodies are as the times of 

THEIR falling FROM REST. 

For by Postulate 3. the body is uniformly acted on by gravity, 
which is its accelerating force downwards; therefore, by Cor. 3. 
Prop. V. the velocity is as the force and time directly, and tiie 
matter reciprocally. But by Ax. 5. the force of gravity is as the 
quantity of matter; and, consequently, the velocity will be as the 
time. 
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Cor. 1. AU bodies falling hy their own weighty gain equal veloci- 
ie$ in equal times. 

Cor. 2. Whatever velocity a falling body gains in aany time, if it 
e -thrown directly upwards, it wm lose as much in an eqiwl time ; by 
Vx. 12. Andy therefore, 

Cor. 3. If a body be prcjected twwards with the velocity it acr 
mired by failing mi any time; ii wul, in the same time, lose all its 
notion. Hence, also. 

Cor. 4. Bodies thrown upwards lose equal velocities in equal tssnes. 

PROP. XIV. 

The spaces ij^cribed by falling bodies are as the squares 

OF THE TIMES OF THEIR FALLING FROM REST. 

For by Postul. 3. gravity is a uniformly accelerating force ; 
therefore, (by Prop. VI.) the space described is as the time and 
velocity. But by the last Prop, the time is ^ the velocity ; and„ 
therefore, the space described is as the square of the time. 

Cor. 1. The spaces described by falling bodies are also as the 
Sfjfiaresof.the velocities ; or the velocity is as the square root of the 
hei^fiUetiL. 4 

Cor. 2. Taking amf equal parts cf ^me ; then the maces described 
by a falling body, in each successive part of time, will be as the odd 
mMers, i^ 3^ 5, 7, 9, 11, Sfc. 

'Eat, in the times t, 2, 3, 4, &c., the spaces described will be as 
tS^n&r sqaaros 1,-4, 9, 16^ &c. And, therefore, in the difTerences of 
^e times, or in these equal parts of time, the spaces described will 
be 39 Ihe differences of the squares, or as 1, 3, 5, 7, &c. 

C!or. 3. A boikf moving with the velocity acquired b^ faUing 
tkiimgh ma/ space, will deu:$ibe twice that space in the time of itt 
fall. ByCor.l.Prop. VI. 

. *\Cor. 4. If a body be pn^eeted towards with the velocity it acquired 
mfalUng, it will, m t& same time, ascend to the same height it fell 
from ; cmd describe equml spaces in equal times, both m rising and 
faUing, but in an inverse order, and will have the same velocity at 
every point of the Une described. 

For by Cot. 2. of the last Prop. equaX velocities will be gained 
or lost in equal times, (reckoning from the last moment of the de- 
flotrnt.)^ /Vheieibre^ sinoe^ $A the several ^correspoDdeikt points of 
Ifime, ibevekxitieswiU he equal, Ihespaces deseribed in anygiven 
timet will be equal, and tl» wholes equal. 

'\ Cor. 6.; Tf Bodies biel prt^ectediqnbards with any vetocities,^the 
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heights of their ascent will be as the squares of the velocities, ora» the 
squares of the times of tlieir ascending. 

For, in descending bodies, the spaces descended are as the 
squares of the last velocities, by Cor. 1. And by Cor. 4. the 
spaces ascended will be equal to those descended. 

Cor. 6. If a bocb/ is projected upwards with ani/velaUti/j with the 
same velocity undiminished, it would describe twice the space ofiti 
whole ascent, in the same time. By Cor. 3. and 4. 

Cor. 7. Hence, also, all bodies from equal altitudes descend to the 
surface of the earth in equal times. 

Scholium. — It is known by experiments, that a heavy body 
falls IGi'^ feet in a second of time, and acquires a velocity vphicn 
will carry it over 32^ feet in a second ; which being known, the 
spaces described in any other times, and the velocities acquired, 
will be known by the foregoing propositions; and the eontraiy. 
These propositions are exactly true, where there is no resistance 
to hinder the motion; but because bodies are a little resisted by 
the air, descended bodies will be a little longer in falling; and a 
body projected upwards, vnll be something longer in descending 
than in ascending, and &lls witha less velocity ; and, consequently, 
a body projected upwards with the velocity it fells with, will not 
ascend quite to the same height; but these errors are so small, that, 
in most cases, they may safely be neglected. 
• If the force by which a body is accelerated in felling was di- 
rectly as the height fallen from ; it may be computed (by Cor. 2. 
Prop. V.) that the velocity acquired will also be as the height; 
or the space described directly as the velocity. And^ thereforcL if 
bodies were projected upwards, they would in this case ascena to 
heights, whicn are as the velocities with^hich they are projected. 
This being compared with Cor. 5. of the last Prop, it is easy to 
conclude diat bodies projected upwards, and acted upon oy a 
force which is neither of a given quantity, nor in proportion to the 
distance of the body from the top of the ascent, but between them; 
that these bodies will then ascend to heights which are between 
the simple and duplicate ratio of ijfie velocities. 

And as these propositions lead us to the knowledge of the fda-. 
tion between the velocities and spaces described, from &e finbes. 
being given, so, vice versd, from that relation being g^ven, the 
forces may be known. Whence, if bodies are projected with any 
velocities into a resisting medium, and the spaces descnbea 
within that body, measured, the constitution of thai body, and the 
law of its resistance, vdW be found. 
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PROP. XV. ^Figures 6 and 7. PL I.) 

If a body be projected either parallel to the HORISOH) 
• OB IN ANY OBLIQUE DIRECTION, IT WILL, BY ITS MOTION, 
' DESCRIBE A PARABOLA. 

Let AD be the direction of the motion, AFG the curve de- 
scribed; and let AB, BC, CD, &c. be all equal ; draw AM, BF, 
£SG, DH, &c perpendicular to the horizon ; and complete the pa- 
rallelograms, AF^ AG, AH, &c., then, by Ax. 1. if the body were 
without gravity, it would move on in the line AD, and describe 
tfie lines AB, BC, CD, &c, in equal times. Now, since gravity 
acts in lines perpendicular to the horizon, it does not afreet ihe 
motion in direction AD, but generates a motion in direction AM. 
So thsM; the^body, instead of being at B, iC, D, &c., will, at the 
ifine points of- time be at F, G, H, &c. But in the time of describ- 
ipg AJl, AC, AD, the body, by the force of gravity, will descend 
through the spaces BF, CG, DH ; which are as the squares of the 
times they are described in, (by Prop. XIV.) that is, as the squares 
' <rfthe lines, AB, AC, AD. But AB, AC, AD, are equal to RF, 
LG, MH; and BF, CG, DH, equal to AK, AL, AM. Therefore, 
die parts of ihe axis of the curve, AK, AL, AM, &c. are respec- 
tively as the squares of the ordinates KP, IXP, MH', &c. And 
therefore, by the conic sections, the curve AFG is u parabola. 

Cor, 1. The Une of direction AD is a tangent to the curve in A. 

rrpa A B' 

And the htm rectum to the point A is or And ia the 

"^ .Q, AK BF 

oblique projection, the parameter is ,st^posing AGP perpendi" 

■^^ ■ AG* APa 
cidar to AM, and G ihe vertex. For th^n-:^^^ := -— — — — . 

or CO— Gr 

Cor, 2. If the horizontal velocities of projectiles he tJie same, 
uihateoer their elevations he, they wiU describe the same parabola. 

For if AB be the velocity and direction of the projectile, then 
AO is the horizontal velocity. When the body comes to the ver- 
tex G, its motion is then parallel to the horizon, which parallel 
motion remains the same as before, that is, equal to AO. There- 
fi>re it describes the same parabola, as a body prcjected from G 
with the velocity AO parallel to the horizon. 

Cor^ 3. The velocity of a projectile in am/ point of the atrve^ is as 
the secant of the angle (fits direction above the horizon, 

"" For AO tlie horizontal velocity is the same at all points of the 
curve ; and the velocity AB at A, in the curve, is the secant of the 
angle of elevation GAB. 

Cor, 4. Tlie velocity at ara/ point of the curve is ihe same that is 
mcqw^hyfdlkig Hurfmghi the parameter belonging to that point; 
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or, whkh is the same, through i of the princ^xU latta rectum -{- the 
abscissa to that point. 

For let lA be the space fallen through to acquire the velocity in 
any point as A ; then the space AD described in the same time 
with that velocity in direction AV, will be 2AI (by Cor. 3. Prop. 
XIV.) but in the same time, by the same force of gravi^, the boay 
will descend through an equal space DH, therefore AD or MWg ^ 

MH''_4AM» 
2DH or 2AM, but the parameter rz .^ — Tm^ ^^ ^^AM. 

Therefore AM or AI =: J parameter. 

PROP. XVI. 

The horizontal distances of projections, madjs with any 
velocities, and at any elevations, are as the sines op 
the doubled angles of elevation, and the squares op 
the velocities conjunctly. 

Let V n velocity of the prqjectih ; measured by the space it 
passes through in time l". 
fzz. descent of a body by gravity in the same time, 
X iz AE the horizontal distance, or amplitude. 

s = sine X of the elevation VAE. 

c =: cosine S •^ 

■D 3 • ii of twice the elevation, 

B^i vers, sine 5 ^ 

Then by trigonometry, 2sc rz A, and 2ss =: B, when the radius 

is 1. And in the right angled triangle AEV. 

c:x :: (rad.) 1 : f_ =; AV, and 

c 

c : X :: s : ?!=: VE. 

c 

And by Prop. III. 

V : (time) 1 ; l (AV) — : — =: time of describing AV. 

c cv 

And by Prop. XIV. 

/: (time) 1 ll — (VE) : f^ = square of the time of 

c cf 

desaibing VE. Now the times of describing AV, VE, and the 

SLU sex 

curve AGE are all equal. Whence — := Therefore xz 

cf wcc 

?!!!_-. zi ^^^— • And therefore x or AE is as wA. 
Cor. Uatce, the altituda qfpryectknu areas the ijmrt t qf tke 
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sines qfeleijation, mid tWsqntrts^ofthevdocities; or, as the hersed 
sines of the doubled angles of elevation, and the squares of the 
vehemes.' » — . 

Fortf G be the vertex, GP = CP i= i VE, and VE = 

!L=^ Therefore GP = ^^!!!L = -V^^ ThereforetJP 
c ; /. - 4/ • -8/. 

is a^ tTvs^ 6r as wB. 

• C0r.2. Tfte times qfjiight of projectiles are as the velocities, and 

the sines of elevation, ' ._ 

•^ — — J 

X vs ■ ■ '■ 

For the time zz — — -?• 

cv J 

Cor. 3. The greatest random or horizontal projection, is at the 
elevation of 45 degrees ; and the horizontal eUstances are eqtud, at 
eUvatkn» equally distant tdfove or below 45"* 

Scholium. — Let b be the height of the perpendicular projection 

w 
with the velocity v ; then will h ^ j^- Whence 

nonzoTdal distance ^ ■ ~ = zz: Asch z: 2hh. 

f V 

Altitude of the projection := —r-r- =: — ^ ^ ss/i =: * B^ 

4 y gy 



!Zliw ofjlight = J = 2«w/y 



PROP. XVJI. {Fig. 8, P/. I.) 

The distances of projections made on any inclined planes, 
are in the complicate ratio of the sines. of the angles 
which the lines of direction make with the plane and ^ 
zenith, and the squares of the velocities, directly ; 

AND THE COSINES SQUARED OF THE PLANE'S ELEVATION 
mECIPAOCALXY. 

Let AE be the inclined plane, AV the direction of the pro- 
jectile, SA, CP, VE, perpendicular to the horizon ; AGE the path 
of the pmgectile^ aiid .let v =: velocity of the projectile in A, 
measured by the space it describes in the times 1. fzz: space 
40scdbed by a defending body in the same, time, s s sine of 
VAE. c = sine of VAS. z = sine of SAE. x. :=: AE the 
oblique distance or random. 

Then by plane trigonometry. 

xz 

c : X (AE) :: ar : AV =: ~. and 

c 

sx 
c: jr:t f :VE35 — " 
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And bj Piop^ m. 

Space V : time 1 :: (AV) — t ~ = time of deKribbg AR 

And by Prop. XIV. 

Space/: time i : : (\'E) — * 7- = square of the time of de- 

c jc 

tcending through V£. 
But the times of describing AV, V£,berag equal,. we ,lilie 

If XXZ2 f XZX 9CW 

^7^ *" 7 = "ST' "••*«* ' = /ET' "i^/ Wi>g.« ghtn 

quantity, * or AE is as — 7-- 

Cor, 1. I^f keigkit above the pkmei mt m tketqmmn.^Jtlf 
velocities f the Mquares of the mm if devatkn mbeit. ike-.jllmh 
d^tljf ; and the aguares of the coanes of the pian^$ ftmJH^ 
reciprocally/. . ^ .j- 

For if AP = P£, then G is the veitez of te parabola, in 

respect of the plane AE. And GP =: J VE =: — = -jjg. 

Cor. 2, The times of flight are as the v^ocUiet ami sines cf 
elevation above the plane, and the cosines tf the pkme^s devotion 
reciprocalfy, 

zx sv 

For the time is = —- =: -^ 

cv jz 

Cor. 3. HencCf also, the altitude is as the tguare of the time of 
flight. 

ssw sv 

For the altitude is . and the time as — * 

ZZ M 

Cor. 4. The greatest projection upon an indined plane ig when 
the line of direction bisects the angle bettoeen the plane and zenith ; 
and the projections are equal at devotions equally distant from this 
line, above and below. 

For upon the same plane, AE is as sc, and sc is greatest when 
t^ c: and at equal distances abore and below ic is the same. 

Cor, 5. 7^ Prop, holds true, whether the projections be made iw 
or down the planes, or whether both planes be inclined, or one is 
inclined, and the other horizontal. 

Scholium. — Let h zz height of the perpendicular projection as 
w 
before, then hzz t?' Whence 

V 

sew 4sai 
Length of the projectum = --^ = -^^. 
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Time of flight =Js- ^\/t 

And if d = AE the length of the projection, then —^ — s: 



•v^ 



And inpporiDg the utcnoit randcMn of 

ob^ of our greatest guns to be 5664 paces, then v ^ 194 pacM 
— 334 jardd, so that a ball shot out of her, moTe* at the rate of 
314 yards in a second. All this suppoMS, that there Is no reilM- 
aoce of the medium ; but it may be noted, that, \iy reasoD of 
fie' air^ resiMance, the npper randonu, being more tetisled, 
■MBfee ^ so fir as the under nndoms; and the greatest rendotn 
^Un a horinnib] plane, it, therefore, at something leM eleratioD 
than 45 deciees. 





SECTION THIRD. 

THE PROPERTIES OF THE MECHANICAL POW- 
ERS; THE BALANCE, THE LEVER, THE WHEEL, 
THE PULLEY, THE SCREW, AND THE WEDGE. 



PROPOSmON XVIIL (Fig. 9. PL I.) 



, ,. o be a right 

uQc, ID which are the three points A, B, C; now, the nei^uA, 
B, caonol act upon one anolhec any otherwise than by means of 
Ihe balance AB, whose fixed point is C 

Suppose, then, that any force applied at A puts tfae body A 
into motion, and by means of the balance, the body B ; iben, sinoe 
the brachia (or ann) of thfl beam CA and CB ate equal, the archet 
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Ao, Bbf described by these bodies, will be equal ; consequently, 
die yelodtics and quantities of matter of A, B^ being equal, their 
momenta, or motions, will be equal ; and, because ACB is a right 
line, they move in a contrary direction ; and, dierefbre, by Ax. 
9, these bodies cannot, of themselves, raise one the other, but must 
remain in equilibrio. 

Cor, Hence, equal farceSy Ay B, apj^ied at equal dktancet Jrom 
tie centre of motion C, wiU haoe the tame effect in turning the 
balance. 

PROP. XIX. {Figures 10. 19. 20. and 12. Flate$ I. and H.) 

Ik any straight lever, if the power P be to the weight 
w as the distance of the weight from the fulcrum c 
to the distance of the power from the fulcrum, the 

POWER AND WEIGHT (aCTING PERPENDICULARLY ON LEVER) 
WILL BE IK £QUILIBRI0. 

A lever is any inflexible beam, staff, or bar, whether of metal 
or wood, &C., that can any way be applied to move bodies. 
There are four kinds of levers : 

1 . A lever of the first kind is, that where the fulcrum is between 
the weight and the power, {fig, 10. P/. I.) 

2. A lever of the second kind is, where the weight is between 
the fulcrum and the power, {fig. 19. Fl. II.) 

3. The lever of the third kind is, where the power P is between 
the weight and the fulcrum, {fig. 20. FL II.) 

4. The fourth kind is the bended lever, {fig. 12. P/. I.) 

CASE I. Ji^Fig. 10. FL I.) 
WC 



In the lever of the first kind WCP, instead of the power P, ap- 
ply a weight P to act at the end of CP. And let the lever WCfP 
he moved into the position aC6. Then will the arches Wa, P6 be 
as the radii CW, CP; that is, as the velocities of th^weit^ht and 
power. Whence, since P : W : : C W ; CP, therefore P : W : : 
▼docity of W : velocity of P : therefore P X velocity of P = W 
X velocity of W. Consequently the momenta or motions of P 
and W are equal. And since they act in contrary directions, 
dierefore by Ax. 9. neither of them can move the other, but they 
will remain in equilibrio. 

CASE II. {Figures \9 and 20. FL II.) 
The levers of the second and third kind may be reduced to the 
first, thus ; make C/> =: CP, and instead of the power P, apply a 
weight equal to it at p. Then by Case I., the weight W and 
now^p will keep one another in equilibrio ; and (by Cor. Prop. 
AVllI.) the weight j7 and power P will have the same effect m 
taming the lever about its centre, therefore the power P and 
weight W win be in equilibrio. 




." t>. i." tFigniCt tf" 'i- ««, 13. U, IS, .,., . 

pom/CiM-on oniAB; i ln>rr hcjiseii to tifi. 

both togetlitr wio v eMe ■> m. ii»iivi A, B: or u'WnwryhfM 

ie dtam Uittt to tht embcu, or pt ■prail'ualtat In the ruii AB; 
mi y the mmO' tmd lati^ mel iierpnuHealw to Ihai liMa, mdk 
•JmM nauMwvUv « Mm Atoirni >Jrau>n fv (Af iysn(>% Uorwi' 
AB; OeitAerwa/kMetMUru). 

Car. 3. (FignmirandlS.') i^f wn-tii/'ffwrWCP, Mdn 

idrntever mrtetiamttit f ama'* v itm-lonil; if their ytmUHia 
ia redpraoalfyn Hieperpm A mt ■ ■■. !Arir«t>iTa'baf>o^dinMliM, 
ktiVtjfrom tk caifnAy t. witi {« m e^wJi^M), Or *^ 

wt^ &e in c^MfiMs, m f ■. Iti/ilitd hti ill ditttate*, ami the 

S,angUofitiiirtelii irti r- ■ 't fiver aufliplkU liy iti itittW', 

OTdS-Z ^iti&w.— *. < ■xS.DWt:sPxPCx8.EPC. 
" For the power UmI i i m n equiltbrio if they li€ nt])- 

po«ed to Mt at E BBd u i ^ nx. 14.) it is the same tdta^ 
w)iath«r tb«y act u B and u,ot ul P and W. Also by ' ' " 
in«(y,WCx8.W=DC,indl»CxS P=CE. 

Cor. 3. IkrKe wunenalfy, if any Jitcf bt ^jilied lu 
'Cfe<4,miwnn^fAe'Jnier, mffle . ' '' ■-■■'• 

tanee ofili line of itlrtetionjrom , 
it'ai lliejortt X (y it* dUtoHa *" 
the angle (fiadireetioit,Vxl~^~,~. . 

Cor. 'i. JfbcolbSet he m et^JHritH aminifi^fJSJffth 
reciprocall^i, iU HOo^freelCami^ntre. ^^''"^^T^, 

Cor, S. Ill the nfraig/il lever when the weight and power art (ft- 
eaulUMUf awl act perpenilieuJarlg on the lever, or in paratUl^ 0/ffif- 
Vamt; thai ijf tliese three the pcu-cr, iveighf, and itrttsvit ^iftUfjA 
fnkrutii, ajiif nae of them is as l!ie dittimce of the other ftoo. ^^ 

For if CP represent the nei<^l then CW will repweatMlK 
nowurS. And in^.lD. (p/. I.)Ci istaina both the weigh^,'u£ 
'(herefore the pres»ure is WP; and . vrei 19, 20. {pt, U'),'f^MR . 
tains tbe dilTercncc of the weiiihts, L_d therefore ihepreasura wK 
beWP. ^ 

PROP. XX. (F,g.21.Fl.n.) ' ' 

BE eogpEHi>Eqo)(/A smtpiHT lkvbk'AB; 

,. .„~ .„».q „» ^..w.^ lia VkE ^ii'<y,TEiy'LiK'£ 'pMBstn 
. .U 'TBZ,fipiM ^ivi; t&s "tkiV' wiit MUd »vvIvpo, 
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For the foice of each weight to move the lever is as the weight 
mllipHed bjr the distance (by Cor. 3. last Prop.); and the sum of 
te pflodods is as die whole forces ; which if diey be equal, the 
on both sides are equal, and die lever remains al rest. 



PROP. XXI. {Fig. 22. PL n.) 

Ir A ABJIBED UCYEK WCP BE KEPT IX EQUILIBKIO BT TWO 

rowxjts^ AcnxG is the DiKEcrioys PB, WA pebpehdict- 

LAm TO THE EXDS OF THE LEVEK CP, CW ; AND IF THE 
USES OF DIKECTIOX BE PBODUCED TILL THEY MEET IS A^ 
AJTD AC BE DBAWN, ASD CB PARALLEL TO WA;—- 1 SAT 
THS POWEB P, THE WEIGHT OB FOWEB W, AKD THE FOBCB 
ACTIKG AGAISST THE FULCBrM C, WILL BE BESPECTIVELT 

Aft AB^BC^AC; asd is these very directions. 

Dnw CB, CF parallel to WA, PA ; dien die angle \V¥C = 
WAPsCBP, and die right angled triangles WCF and BCP are 
siaular; whence CF : CB :: CW : CP :: (by Cor. 2. Prop. 
XDL) power P: power W. Now since (by Ax. 14.) it is the 
same dung to what points of the lines of direction PB, \\T, the 
forces P, W be applied ; let us suppose them both to act at the 
point of intersection A ; then since die point A is acted on by two 
meet iriudi are as CF and CB,or as AB and AF; and both 
dttse are equiTalent to the single force AC (by Cor. 2. Prop. 7.) 
Tlierefo re me fulcrum C is acted on by the force AC, and in ^hat 
direction, by Ax. 11. 

Cor. 1. Hence the power P, the weight W, and the presaare the 
fdarwm C uatmns; are re^ctivefy as WC, PC, and PW. That 
iSf anf one is as the distance of the other two. 

For since the angles at P, W are ris^t; CA is the diameter of 
a chrde passing through the points A, P, C, W ; therefore the 
angle WPC=W AC=ACB, and die angle C^^T=CAP ; diere- 
fare the triangles ABC, WCP are similar; and AB : BC :; 
WC : CP, and BC : AC :: CP : PW. Therefore, 8cc. 

Ob t. 2. In mnf lever WCP, the lines of direction of the powers 
FW, WF, and of the pressure on the Julcrwn C, all tend to one 
pomt A. 

For if not, the lever would not remain in equilibrio. 

PROP. XXII. (J^. 23. PL II.) 
If AB, CD, be two levers moveable about A and C, and 

SOME FORCE ACTS TPOS THE END B OF THE LEVER AB, IN A 
GHTEN DIRECTION BF; WHILST THE LEVER AB ACTS UPON CD 
AT F: IF BE BE DBAWN PERPENDICULAR TO CB, AND A£ 
PAKAIXEL TO BF : AND IF THESE LEVERS KEEP ONE ANOTHER 
IN EQUILIBBIO:— THEN I SAY, THE FORCE IN DIRECTION BF, 
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1UK( r. AGAINST IK- IN DIRECTION £B, AKD THE PRESSURE 
A(.AINM- TlIK ( r.NTKE Ay ARE RESPECTIVELY A3 AE, BE, AB. 

Fur since (by l*rop. IX.) the lever AB acts upon BC atB,in 
tlie direction KH pernendicular to hC ; and the lever CD re-acti 
in direction liK; anu (by Ax. 19.) the point A is acted on in di- 
rection DA. Therefore the point U is acted on with three forces; 
[W the force appbed at H, and BE the rt'-action of the lever CD, 
and AH the re-action of the centre A; and AE is parallel to BF; 
therefore (by IVop. \'IIl.) tliese forces are as AE, BE, and 
AI5. 

(W. If two forces BF, BE, acting perpendicular to the levtrs 
AI5, DC, A'n/) these itvcrs in e<^uiiihrio. F he force ^^ force "SS^ 
and pressare at A, are rcspectivelj/ as radius, Cos. ABD, and 
S.AHD. 

l-'or then EAB is a right-angled triangle ; and tliese forces are 
as BR, AE, and AB; that is, as radius, S.ABE, and S.AEB; 
that is, as radius, Cos. ABD, and S.ABD. 

I'ROP. XXIII. (rig. 24. PI. II.) 
If AB, BC be two levers moveable about the centres A and 
C; IF the circles KBM and DBE be described with the 
KAPii BC, BA; and ipon the circle BM as a base, with 

THE GENERATING CIRCLE DBE, THE EPICYCLOID BNE BE DE- 

sciiiued; and the lever CB and epicycloid BNE be join- 
ed TOGETHER IN THAT VERY POSITION, SO AS TO MAKE BUT ONE 

continied lever CBNE. And if these levers CBNE, 
and ab move about the centres c, a ; so that the end d 
of the lever ad be always in the curve of the epicy- 
cloid i)k; i say, that two equal and contrary forces at 
d and k, acting perpendicular to the radii da, kc, 
will always keep these levers in equilibrio. 

For let the levers AB, CBNE come into the position AD, 
CKDF ; then since the epicycloid KD is described by the point 
D, whilst the arch DB rolled upon the equal arch BK, therefore 
the end D of the radius AD hath moved through an arch BD 
equal to the arch BK, through which K has moved. Therefore 
the points D, K, have equal velocities in any correspondent places 
D, K. Therefore equal weights II, I, applied to the circles DB 
and BMG will have equal quantities of motion ; and will there- 
fore keep each other in equilibrio, by Ax. 9. 

Cor. 1 . Hence if one lever AD )nove uniformlif about the centre 
A, the other CKD will aim move uniform lu about its centre C. And 
the arch BD described by D will be equal to the arch BR described 

Cor, 2. It is the same thing whether the lever AB act against 
the convex or concave side of the lever CKD, provided the end D 
be always in the curve KD. 
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Cot. 3. (Fig. 25. PI. II.) After a Wee manner if BE be an emcyeloid 
(kteribed within the circle BRM, by the generating circle BD; and 
the lever CBE be compounded of the right line CB and the epicycloid 
BE; then the levers CBE ana AB, by egual forces acting at B, will 
keep one another in equilibrio in any position^ as CKF arui AD. 

For when AB is come to AD, and CBE to CKDF; then the 
arch BK zz, arch BD. Whence the weight or forces acting at the 
distances CB, AB, have equal velocities ; and, therefore, will sus- 
tain one another. 

Cor. 4. (Fig. 26. PI. II.) If^C be infiniteyOr {which is the same 
thing) if BK be a right line perpendicular to AB ; then BE or KDF 
will be the common cycloid. Therefore, whilst the point D moves uni- 
formly about the centre A, the point K will move uniformly along the 
right line BK, and with equal velocities and forces : the point D in 
the mean time acting upon the cycloidal tooth KD. And any equal 
opposite forces will sustain one another. 

In like manner, (Fig. 27. PI. II.) if BA be infinite, or BD a right 
Uhe perpendicular to BC ; then BE or DK wilt be an epicycloid ge-- 
nerated by the tangent DB revolving on the circle BK. And the ve* 
locities of Kin the right line BK, and of D in the right line BD, 
will be cdways equal; and equal forces will be sustained at B, tVt (M 
positions of the lever CKD. 

Cor. 5. (Fig. 1. PI. III.) If the f sure of the tooth ef, at the end of the 
lever AB, be giuen; andtheepicycloidBFtbe descril!ed as before. And 
y^the levers AD, CB, ^ made to revolve about their centres A, C; 
so that the point B always move in the epicycloid BE or KD. And 
if the tract of the extreme points of the tooth be marked out upon the 
plane of the cycloidal tooth, as fgggge or fnnnne. And if the part 
fgDdKfbe cut away, if the tooth be to act on the concave side of' the 
epicycloid; or foe "DdKf, if on the convex side. Then if the levers 
revolve so that the tooth move along, the curve gg or nn; the points 
D and K of the levers AB, CD, will move with equal velocities, m 
the arches' dD, BK, as before. Fdr the fixed point B in the tooth 
will still describe the epicycloid. 

. Cor. 6. (Fig. 2. VX.lll.) If the tux) q)icycloidsBE,BO, be described 
upon BM, BL, with the generating circles BD, BK ; and. tlve levers KB, 
CB, revolve about the centres A, C; so that the point B or ^D of the 
lever AB move along the epicycloid BE or KDS. Then the point B or 
K, of the lever CB, will at the same time move along the epicycloid 
BO or DKT ; and the points D, K, vnll describe the equal arches 
BD, BK. And, therefore, it is the same thing on which lever the 
cycloidal tooth be placed, or whether on one or both. 

For the epicycloid DKT generated on DB, will pass dirough 
K, if BDzzBK. Also the epicycloid KDS, generated upon KB^ 
will pass through D, when BK=rBD. 
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SciiOLi UM.— (J'Y/?T<rrs 24 and25. PL II.) Thelerers AB^CB^ve 
supposed ouly to act ujion one another, below (he line AC ; fatwm 
the action supposed to be continued above the line AC, die poiift 
B would no longer act on the siimc, but on a different epicycloid; 
and the equality of motion would hold no longer. 

I'ROP. XXIV. {Fig, 3. PL III.) 

In the whkkl and axle, if the power P be to the weight 
w, as the diameter of the axle £f where the weight 
acts, to the diameter of the wheel ab, where the poweb 

acts; THEN THE POWER AND WEIGHT WILL BE IN EQUILIBBIO, 
AND THE CONTRARY. 

For kt A I) be the wheel, CD the axle; and suppose the wheel 
and axle tu turn once round ; then it is plain the power P will 
have descended a space equal to the circumference of the wheel ; 
and the weight W will have risen a height equal to the circum- 
ference of the axis. Tlicrefore, velocity of P, to velocity of W ;; 
as circumference of the wheel, to circumference .of the axis 1 1 
or as diameter of the wheel to diameter of the axis I Z that 
is (by supposition) as W to P. Therefore the motions of P and 
W are equal ; and have equal forces to move each other ; and 
therefore (by Ax. 9.) will remain in eqnilibrio. 

Tliis Prop, will appear otherwise. For the wheel and a]de 
may be reduced to a lever of the first kind : for the fulcrum will 
be m the middle of the axis CD. Therefore, drawing lines from 
the middle of the axis to the power and weight, parallel to iBn^ 
horizon; and the radius of the wheel will be the distance of the 
power, and the radius of the axle the distance of the vreight. Andy 
as their radii are reciprocally as the weight and power, therefore 
(by Prop. XIX.) they will be in equilibrio. And thus, the y^h^A 
and axle is no more but a perpetual lever. 

Cor, 1. If the rope have any sensible thickness; then if th$ 
tangent to the power P : weight I * diameter of the axle -f* ^ne ifie- 
meter of the rope : diameter of the wheel where the power acts; thi^ 
will be in equilibrio. 

For the weight really hangs half the thickness of the rope, be- 
yond the axle. 

Cor. 2. (Fig. 5. PI. III.) If the direction of the power is w4 a 
tangent to the wheel ; suppose it to act atDord, and let CA be 
perpendicular to the line of direction ; then ifV : W \\ CB : CA, 
then they will be in equilibrio, by Cor. 2. Prop. XIX. 

Cor, 3. (Fig. 4. PI. III.) If the wheel and axle, one or both ham 
teeth; then if the power P acting on the teeth at B, be to the weight 
W acting on the teeth at A; as the diameter of the axle at A, to the 
diameter of the wheel at B; the* the wheel is in eqidUbrio, 
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Ccr. 4. Ani it is the same thine, if instead of a wheel there be 
onfy spbhes fixed in the axis, whose length is equal to the radius of the 
wtiHc «Na any other equal force he applied for a power, instead of 
the we^ht P. 

Cor, 5. The force of the weight is increased wheii one or more 
spires of the rope is folded about the axle. For that, in effect, aug- 
ments the diameter of the axle. 

Cor. 6. It matters not how low the weight hangs. For whilst the 
axk remains the same, the resistance of the weigfu remains the same, 
setting aside the toeight of the rope. 

PROP. XXV. {Fig. 6. Fl. III.) 
Let NBDy MBK be two toothed wheels in the same plane, 

AHD IF the teeth OF THE WHEEL BM BE THE EPICYCLOIDS Bf, 
M^ KDy DESCRIBED OTk THE BASE KBM, WITH THE GENERATING 
CfRCLE "EN, AND THESE TEETH ALL EQUIDISTANT ; AND IF B, 
d, D, THE ENDS OF THE TEETH OF THE WHEEL NBD BE ALSO 
EQUIDrSTANT, AND THESE DISTANCES Bd, dD EQUAL TO Bk, kK. 

Then, I sat, the points of the teeth B, d, D, will all act 

TOGETHER, ON THE CYCLOIDAL TEETH BE, kd, KD, AS THE 
WHEELS TURN ROUND. AnD ANY POINTS D, K, WILL MOVE 
THROUGH EQUAL ARCHES BD, BK IN EQUAL TIMES. 

Draw the radii AD, Ad, CK, and C^; then AD and CKD 
may be oonsidered as two levers moving about A, C, and acting 
(n& one another in D : and the same of Ad, Ckd, acting at d. But 
l^ the motion of the wheels BD, BK, suppose D sdways to be 
m fhe epicycloid KD; then (Cor. 1. Pron. XXIII.) will BD= 
BK, and since Dd zz Kk, therefore Bd wiu be zz Bk, and conse* 
quently (by Cor. 1, Prop. XXIII.) the point d will be in the 
epi(nrcloid kd. And thus, if there be never so many teeth 
B, a, D, &c. they will always be in the curves of the epicy- 
doids BE, kd, KD, &c. Therefore the working teeth either act all 
at once upon one another, or they act not at all. And as the ve- 
locities of any points are equal in the two wheels BD, BK, when 
only one tooui acts upon one, they will still be equal, if never so 
many act together. 

Cor. 1 . Hence equal weights or forces applied to the circianfer^ 
ences hf these two wheels, as at B, and acting one against the other, 
wilt kSep these wheels in equUihrio. Likewise, it is the same thing 
whether the wheel AB drive the wheel CB, its teeth acting upon the 
ameane side of the ofcUnds ; or the wheel CB drive AB, the convex 
skki^tMecydoid acting agaiiut the teeth of AB. 

Cifr.'Z. (Kg. ?■ PI. in.) H0nce,instapi of the points B, or the 
infaiitefymaatnth of tlk wheel ABD; if ar^ tort of a tooth r$ be 
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;i/'/r. il ut \\; tint! if tht irfmls fn' madt' to more about so that theghen 
ftiint \\ nun/ th srrilf tht tp'uyvfoift IJK or KT), whilst the track (tf 
tin t I tft iiif /uiin/M i>f /hi tinftfi is marked out as Kf D, K/"D ; and the 
<j-fu I \\t \]t If lilt innuf ; and tht mnte Ik dotte for all the other teeth, 
lit i/iif tifitidisttitit u'hI of thv same Jln/fi and bi^iess. Then if one of 
tin St uliul\ i> stifiintsid to drive the ot/ur^ /»v these teeth running i» 
tht siHU'tK I)/*Ki ; / .S7I//, thi eircunifennves of these irheelswiil move 
with tijiutl nlinit:ts, and all the uu)rkin^ teeth wi/l aet together. 
Tlii*; is L-vulriit, lucaii^t' tlu*|M)iiits H, I), will, by this motion, de- 
scril»<,* till? t j)ic_v(.'l()i(ls as hcforo. 

( '«»f. :{. (liir. H. IM. I H .) //' the eimycioid BV Ite described on the 
h/Kf \\ HI [ywith the f:eneratini[cireie IJI) ; an I a portiiW of the f/wcy- 
I'loiil hr pliictd tit njiiid distances B, L, K, for teeth ; then the teeth of 
the irhtrl A acting niininst the ci/ihidal teeth, trtV/ make the ntotkm 
(tjuid in ///' two whtrls. Where we may take as great a portion of 
the ei/chtidas my will: and the sides IM), lA, lehich act not, may beef 
ant/ fi^nir^ )iot to hinder the motion of the teeth of A. And it is the 
sunn- thing what part tif the tindh L(), the tixdh (j acts against, 

('')/-. 4. lint tht titth onght not to act uixm one another before 
thiy (irrirc at tht lint AC, which joins their centres. And though 
tht side \U) of thr hnUh way in' ']f any fo^m ; i/et it is better to 
nndxi them both sides aUkt , which will serve to mahe the wheels turn 
hnck wards. Also n fuirt^ as fu/r^ mat/ be cut away on the back of 
even/ tttoth. to make w of for those of A. And the more teeth that 
work togethi r, the In tier ; at It nst one tooth should always begin be- 
fore the other hath done wttrking: tin teeth ought to be disposed in 
snch manner as not to tronhlr or hinder one another, In'fore they be- 
gin to Wink; and that tin re Iw a convenient length, depth, and 
thickness ginen them, that tiny may more easily disengage themselves, 
as well as for strength. 

PROP. XX\I. {Fig. 1. PI. IV.) 

Ix A (OM HI NATION OF WIIKF.LS WITH TKETII, IF THE POWER P BE 

Tin: wtiGiiT W ; as thi: pi5oi>i:( t of the diameters of all 

THK AXLES, PINIONS, OR TIUNDLES, TO THE PRODUCT OF ALL THE 
DIAMETERS OF ALL THE WHEELS, THEY WILL BE IN EQUILIBRIO. 

Tor, (by Prop. XXIV.) the power P acting at A: force on B H 
diam. B : diam. A, and force on B or C : force on D t! diam. 
J) : diam. C, and force on D or E : weight W at F 1 1 diam. F : 
diam. K. Therefore, ex equo. Power P : weight W * • product 
of the diameters B, T), F : to the product of the diameters A, C, E. 

Cor. 1 . (Fig. 3. PI. IV.) In a ctmdnnaiion of wheels going by cords, 
if the power P be to the weight W, as the pioduct of all the diameters 
of the axles, B, D, F, to the product of all the diameters of the 
wheels, A, C, E ; they will be m equilibrio. 
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For the cords supply tbe place of teeth. 

Cot, 2. (Fig. 1. Fl. 4.) In amf combination of wheels with teeth, 
if the power V be to the weight Yf ; as the diameter of the axle F 
where the iveight acts, multiplied into the product of the teeth in each 
pmian or spiiSU, is to the diameter of the wheel A, where the power 
act$,nndtiplied by the product of the teeth in each of the wheels (that 
the pimions act against); the weight and power will be in equUibrio, 

For the number of teeth in each wheel and pinion that act 
against one another are as the circumferences or as the diameters 
of that wheel and pinion. 

(Jor. 3. And hence also, if the power he to the weight, in a ratio 
compounded of the diameter of the axle T, where the weight acts to 
the diameter of the wheel A, where the power actSy and the ratio of 
the number of teeth in the first axle, (B), reckoning from the power ; 
to the number of teeth in the second wheel (C), and of the number of 
teeth in the second axle (D), to the number in the third wheel (E) ; 
aisd toontiUthe last ; then they will be in equilibrio. 

Cor. 4. In a combination of wheels, the number of revolutions of 
the wheel F where the toeight acts, to the number of revolutions if 
the wheel A where the power acts, in tfte same time ; is as the pro- 
duct of the teeth in the pinions, to the product of the teeth in the 
uAeeis which act m them ; or as tlie product of the diameters of the 
pawmsy to the product of the diameters of the wheels. 

Scholium. — ^Wheels with oblique teeth come under the same 
rales ; but as they are related to the screw, we refer you thither for 
afiutfaer account hereof. 

In wheels whose teeth work together, they should not encounter 
before they come to the line joining their centres ; because the 
robbing is greater on that side ; but being past the line^ the teeth 
slip easily along one another, in making their escape, so that the 
friction is very inconsiderable. 

PROP. XXVII. {Figures 4 and 5, PL IV.) 

Ip a power sustain a weight by means of a rope going over 
a fixed pullet ; then the power is equal to the weight. 

But IF THE PULLEY BE MOVEABLE TOGETHER WITH THE 
WEIGHT, AND THE OTHER END OF THE ROPE FIXED; THEN THE 
POWER WILL BE BUT HALF THE WEIGHT. 

For suppose a horizontal line AB drawn trough the centre of 
the pulley C ; then that line will represent a lever, and (in^. 4.) 
^rbete the pull^ is fixed, the centre C being kept immoveable, 
represents the nilcnim; whilst the weight acts at B, and the 
power at A. And because BC =: CA, therefore (by Prop. XIX.) 
the power P is equal to the weight W. 
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And lilt ,//V- !».) the fixed point B is tlie fulcnim, and &e 
woi^lit acts at(\ and the power at A; and since DC is half AB, 
then-fore (l)y Trup. \JX.) the power at P is half the weight W. 

Cor. (Fig. 0. IM. 1\'.) lU net aU fixed puUiei art equivtdeiit U 
Icirrs oftht' flnt kind. And ihti/ add no new force to the powetf bid 
onh/ SI I IT /(I change titf dinrlion^ and facilitate the motion of Mr 
ro/f : /'/// a HHnrnhic puUty doubles the force. And if a rope go omr 
st'vtrai pu//ies, A, J), C, whim blocks arc all fixed ; the powfr k 
ntitlwr inercast d nor diminished. 

PROP. XXVIII. {Fig. 7. PI. IV.) 

In a COMIUN Alios OK Pr I.I.I F.S ALL DRAWN BY OME RUK5IVC 
1101' K ; IF TllK POWtll P BE TO THE WEIGHT W ; AS 1 TO THE 

MMiw-.R or PARIS or TiiK iiopi: AT Tin: MOVEABLE BLOCK A; 

THIY WILL BE IN KQI'ILIBIIIO. 

Pur (by Ax. 18.) all the parts of the rope m, o, n, ry§^ f, v, aie 
equally stretched ; and the weight W is sustained by the MHnbeb 
ofrupes that act apiinst the moveable block; and the rope « or 
the fjower P acts with the force of one or unit. Hierefore the 
power is to the weight, as 1 to tlie number of ropes pulling at the 
moveable block A. 

Cor. Hence the fxnver is. to the force by which the immoteM 
block H is drawn; as 1 to the nwnoer of ropes acting againtt thst 
immoveable block. 

PROP. XXIX. {Fig. 2. PI. IV.) 

In the screw, if tue power P be to the weight W, as the 
height of one thread (reckoned accordikg to the length 
of the screw) to the 'circumference described by owe 
revolution of the power; then they will be in equili- 

BRIO. 

For the weight W raises the height of one thread, whilst the 
power describes the circumference whose radius is PC. There- 
fore the velocities of the power and weight are reciprocally as their 
quantities : therefore their motions are equal, and they ate in 
equilibrio. 

Cor. 1 . (Fig. 1 . PI. \^) I?i the endless or perpetual screw AB, 
having one wonn, leaf] or toothy which drives the teeth of the whedl 
CD. Jfj/ou take the distance of two threads in the scrav AB, accopd* 
ing to the length of the axis AB ; or the distance if two teeth in the 
wheel CD, in direction of the circumference. And if a weight W act 
at the circumference of the wheel CD. Then if the power P be to the 
weight Wy as that distance (of the teeth or twreads) to the length (fe- 
scribed by the power P, in one revolution; then they arc in egwlihrio. 
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: FoTy in one revolution of P, the wheel DC with the weight W, 
hit moved the diitance of one tooth. 

C&r: It. And umvenalfy, if there he several wprms or tplral leaves^ 
mon the oris AB, and the weight 6 hangn upon the axle EF. Thek 
^the power P, is to the weight G *,l as the radius of the axle EF 
X number of womu in AB, to AP x number of teeth in CD. 
Then the power and weight are m equUibrio, For by Cor- 3. 
Prop. XXVI., ifn be the number of wormy then P : G It n X 
i EF : AP X teeth in CD. 

Ccr, 3. (Fig. 1. PI. V.) And by reason of the obUquity of the teeth, 
the force acting perpendicular to the teeth^ the lateral force perpendi^ 
vdar to the wheel, and the direct force in the plane of the wheel; u>iU 
bere^feeHvely, as radius^ the sine, and cosine of the obliquity of the 
ttith. 

For let GD he the side of a tooth acted on : GE parallel to the 
«BS of the wheel, and DE perpendicular to it, or in the plane of 
fte wfae^ Now, if GD represent the force acting perpendicular 
to the toodi. Then DE, G£, will he the forces acting in the di- 
nctioDS GE, DE, (by Cor. 1. Prop. VIII.) but if GD be radius, 
1>£ 18 die sine o€ die obliquity, and GE the cosine. 

Cor, 4. In the common screw tlie less the distances of the threads 
ure^ and the longer the handle is, the easier any given u>eight is 
ws&ve&a 

Cor, 5. What is here demonstrated, will hold equally true, if the 
wheel CD act upon another wheel with oblique teeth, instead of the 
worm AD, 

Scholium^ — The force of the screw resembles the force that 
drites a body up an inclined plane ; the force acting parallel to 
die base of the plane. 

An things here laid down relating to the perpetual screw, do 
suppose that the axis of the worm spindle lies in the plane of the 
wheel it works in, and that their axles are perpendicular to each 
odier; but if they are in oblique position, and me teeth of one or 
hodi also oblique, they cannot work without loss of power; aptrt 
heim; lost proportionsu to the obliquity. 

Ifany worm spindle contains one leaf or worm, then a spindle 
of twice the diameter will require two worms, and one of thrice 
the diameter, three worms^ Sec, to work in the same wheel ; and 
ihe power is best estimated by the rise or fell of a tooth of CD 
(J^. 1.) for a revolution of the power P. 

PROP. XXX. {Fig. 3. PL V.) 
Let EFG bI: tUs back ob base op a wedoe in fobm of an iso* 

CEUES TBI angle ; THEN IV TBL^ POWEB ACTING PEBPENDJCULAB 
TO THE BAtK FQ, 'IS TO TfiB FORCE OB BESISTANCE ACTING 
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For draw llic axis ED per|iCDdicular to the base FG ; and CA, 
CH, pcrjieiKliculiirto (he lidu EF, Mil ; tlieo DC U the direciloB 
of the iioHt'r. AtkI O'y I'^op. I \.) ihe impedimeDt to be )«■ 
■nuviil, acl^ a^ii!it tlic veil^ iu the directions AC, IIC; and, 
tlieri-liirt', (l>y Cor. 1 . i'io\i. \ III.) Ilie power, and tJie acucms c^ 
the imjiedimciil, :uv ai FG, F£, EG respectirely, when they ue 

CVt. 1 . TAf iMHirr iirtiii/! jirrprHdicalar tv tie buc, u to Ihe font 
wliuf! Hgaituf lit'tr tiik, in a dirrcliuH jaraUel to Ikt bmc FG, w 
IK'i'jv aJkHlar t" Iht aiit [)E; cu lAf liau:i'G,to tke AeuAl £D: 
vhi-tt tlu milfiv it m cyiiilifirio, or Ihe poa/ef i$ to the tMe/om 
iip'iiiiit hiitA xidi-ii (iit din-clioH purallello FG) oi tie back FG, U 
Mn (it Ih%AI DE. 

] t.r till' {nnx ¥Xi may be diiided into the two ED, DO, HOf 
Cm: ■■i. I'rop. \IL) Then since (hj this I'rop.) EG is the force 
acting ill ilirectiou CU^ ED will he iIih force acting in direction 
DG. 

Ctir, •2. Thr xluirper the ict'rf^, or Ihcmorc aaiie its angk, (*< 
laaiir if mil d'loitle uiu) thing iir overcome <Mi/ reiitlaaa:. 
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SECTION FOURTH. 

THE DESCEUT OF BODIES UPON INCLINED 
PLANES, AND IN CURVE SURFACES, ALSO, 
THE MOTION OF PENDULUMS. p 
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Draw BD perpendicular to AC; then as the force of grayity 
tends perpendicular to the horiion, or parallel to CB; and the di- 
rection ot the powt'r is parallel to DC ; and the pressure against 
the plane is (by Prop. IX.) parallel to DB; and, therefore, their 
quantities are respectively as the three lines CB, CD, BD, (by 
rrop. VIII.) that is, by similar triangles, as AC, CB, and AB. 

Cor, 1 . The weighty power, and pressure on the pkme, are respec- 
tively, as radius, the sine, ami cosine of the plane's elevation. 

For the sides of a triangle are as the sines of the opposite 

angles. 

Cor. 2. The relative weight of a body, to make it run down an w- 
dincd plane, is as the height directly, and length reciprocally, thaiiSi 

BC 

-T^ ; or it is as the sine of the plam^s devatiots. 

Cor. 3. (Fig. 5. PI. V.) If a cylinder be sustained tmon an inclined 
plane, by a ptncer drawing one end of a rope parallet to the plane, 
whilst the other end is fixed ; this power is to the weight of the cy- 
linder, as half the height to the length of the plane. 

For half the relative weight of the cylinder is sustained by tbe 
other end of the rope, which is fixed. 

Scholium. — {Fig. 4. PL V.) If it be required to find the posi- 
tion of the plane AC, whose height BC is given, so that the given 
weight W may be raised through the length of the plane AC, in^e 
least time possible, by any given power P, acting in the direction 

2W 
DC ; make AC r: x BC, and you have your desire. 

PROP. XXXII. {Fig. 4. PL V.) 

If a heavy body W be sustained upon an inclined plane 
ac, by a power acting parallel to the horizon, then 

the weight of the body, "^ the base ab, 

the power that sustains it, i the height cb, 

THE PRESSURE AGAINST THE PLANE, TAND THE LENGTH AC, 
ARE, RESPECTIVELY, AS J OF THE PLANE. 

For the body is sustained by three forces, the power, the gra- 
vity, and re-action of the plane ; the weight is perpendicular to 
AB, the power is perpendicular to CB, and the pressure is per^ 
pendicular to AC. Therefore (by Cor. 1. Prop. VIII.) these 
forces are as AB, CB, AC. 

Cor, Hence, the pressure on the plane, the power, and the weight, 
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are respectively ^ as radius^ the tine, ami cosme of the planers eleva- 
tion, 

PROP. XXXm. {Figure 6. and 7. PL V.) 

If a heat y body W be sustained upon an inclined plane 
AC, BY a power P acting in any given direction WP; 

AND IF BED be let fall perpendicular on WP ; THEN 
THE POWER P, 

THE WEIGHT OF THE BODY W, 
THE PRESSURE OF THE PLANE, 
WILL BE RESPECTIVELY, AS 

For, SiDce BD is perpendicular to the direction of the power, 
AB to the direction of gravity, and AD to the direction of the 
pressure on the plane; therefore (by Cor. 1. Prop. VIII.) these 
forces will be respectively as BD, AB, AD, when they are in 
equilibrio. 

Cor.l. The powers weighty and pressure against tbeplane, are re- 
spectively as the sine ofthepUme^s elevation^ cosine of the angle of 
traction CWP, and the cosine of the angle of direction of the pofver 
above the horizon. 

The angle of traction is the angle that the direction of the 
power msJces with the plane. And in the triangle ABD, .the 
sides are as the sines of the opposite angles, where /. D rz c^n- 
plement of D WP. 

Cor, 2. Hence, whether the line of direction of tfte power be ele- 
vated above or depressed below the plane ; if the angles of traction 
be equal, eqiud powers will sustain the weight ; but the pressure is 
greater when the Une of direction runs below the plane. 

Cor, 3. The power P is least when the Une of direction is parallel 
to the plane ; and infinite , when perpendicular toit ; and equal to the 
weighty ufhenperpencUcular to the horizon. 

Cor. 4. (Fig. 8. PI. V.) If a weight upon an inclined plane be in 
equilibrio with another hanging freely, their perpendicular velocities 
will he reciprocally as their quantities of matter. 

For, let the weight at W be made to descend to A, and di^w 
Wr peipendicular to AE, and W^, Dt? to AB ; then the weight 
P will have ascended a height zz Ar, which is its perpendicu- 
lar ascent; and W^ is the perpendicular descent of W. Hve fi- 
gmes Anrf and AEDv are similar, as are also the triangles AEB, 
D*B; whence Wf : Ar :: Dw: AEt: DB : AB =: (by thiS 
Pi«p.) P : W. . 

Cor, 5. And therefore if any two bodies be in equiUbrio tqxm two 
imdmedjpkmeiy their perpendicuhr vdoMm wilif be ree^rocaOy as 
ikBsr qtuutUiet'of^^natter, 



42 DESCENT OF BODIES Sept JV. 

PROP. XXXIV. {Fig. 9. P/.V.) 

The space which a bodt (desceitdiito from rest) discaibbs 
upon an inclined plane, is to the space which a bqpt 
falling perpendicularly, 'describes in the samb tl'xb, 
as the height of the plane cb, to its length ac. ' 

The force wherewith a body endeayours to descend upon, an 
inclined plane, is equal to the power that sustains it ; and Q^ 
Prop. XXXI ) that power is to the weight of the body at CB to 
CA ; therefore the body is urged upon the plane, by an imi- 
fiormly accelerating force, which is to the force of gravity a9 CB 
to CA. But (by Prop. V.) the motion generated in the same tim^ 
and in the same body, is as the force, that is (since the bp^y |S 
giTen) the velocity is as the force. And (by Prop. III.) the lq;>acei 
uniformly described with the last velocities will be as these velaU 
cities; and (by Cor. l.Prop. \^.) these spaces are double the 
spaces described by the accelerating forces; therefore the spaces 
described on the plane and in the perpendicular, are as the last 
velocities, or as the forces, that is, as CB to CA. 

r 

Cor. 1. Henccy i/'BD be let fall perpendicular to AC y then mthe 
time a body falls through the height CB, another body^ descending 
along the inclined plane, will run through the space CD. 

J^or these spaces are as CA to CB, that is, as CB to CD, by* st- 
ar triangles. 

Cor, 2. The velocity acquired upon an inclined plane, is to tie 
velocity acquired in the same time by falling perpendicularly, di CBto 
CA, or as CD ^o CB. 

Cor. 3. The space described In/ a body moving down any pltmi in 
a given time, is as the sine of theplarie*s elevation. 

For if CB be given, CD is as the sine of CBD or CAB. 

Cor, 4. The spaces described by a body descending on any given 
plane, are as the squares of the times. 

PROP. XXXV. iFig. 9. PL V.) 

The TIME OF A body's descending THROUGH THE PLANE CD, IS 
TO THE TIME OF FALLING THROUGH THE PERPBFDICtJfiAR 
HEIGHT CE, AS THE LENGTH OF THE PLANE DC, TO THE HBIGHT 

CE. 

T6t DE, AB being perpendicular to CB, and BD to AC. The 
time of descending through CD or the perpendicular CB : time 
of descending through CE :: (by Prop. XIV.) ^CB - >/CE :: 
CD : CE. 

Cor. If the body be made to move back again with the velocity ac- 
quired in descending, it wiU ascend to the same height on tke^ane, 
and in the same time. 
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For it will be uniformly retarded in ascending ; and, in all 
p^intSy will have the same velocity in ascending as descending. 

Scholium. — Since the force by which bodies descend down an 
inclined plane, is a anifbrmly accelerative force, therefore what- 
ever is demonstrated of felling bodies in Sect. II. holds equally 
IMe, in regard to the motion of bodies upon an inclined plane; 
Mibseitoting the relative weight upon the plane^ instead of ue ab- 
solttie weight of the body. 

, Hence^ therefore, a bodv projected on an inclined plane, will 
describe a parabola. And if the velocity of projection upon ths 
jt^Cy he to the velocity of a projectile in the air, as the relative 
mvity on the plane, to the absolute gravity, and both pv^ 
l^t^at the same obliquity, the same parabola will be descnbcit 
iQ both cases. 

^ . PROP. XXXVI. ilig. 9. PL V.) 

A BODY ACQUIRES THE SAME VELOCITY IN DESCENDING DOW* AK 
INCLINED PLANE CD, AS BY FALLING PERFENDICULABLT 
THROUGH THE HEIGHT OF THAT PLANE CE. 

For draw DB perpendicular to CD, and the bodies will descend 
through CD, or CB in the same time ; then (by Cor. 2. FMp. 
XXXIV.) the velocity in D : the velocity in B : : CE CD, ^d 
(Cor. 1. Prop. XIV.) the velocity in B : the velocity in E^I 
VCB : i^/CE :: CD : CE. Therefore the velocity in D : the 
velpcity in E : I CE : CE, and, therefore, the velocities in D and 
£ are equal. 

Cor. 1. A bocfy acquires the same velocity in foiling from any 
height^ whether %t fails perpeneUcuiarh/f or down an incltried plane 
of eqiuU height. 

Cor, 2. Hence the velocities acquired by heavy bodies folUngJrom 
the same height^ to the same horizontal right line, on am/pUmes what- 
ever, are equal among themselves. 

Cor. 3. If the velocities he equal at any two equal altitudes D, 
£; they wUl he equal at any other two equal altitudes A, B : and 
acquire equal increases of velocity, in passing through EB, and DA 
&fegmd perpendicular heights. 

Cor. 4. The velocities acquired by descending doum any planes 
whatever, are a$ the square roots of the heights, 

, PROP. XXXVII. {Fig, 12. FL V.) 

IV A CIRCLE WHOSE DIAMETER CB IS PERPENDICULiJl TO THE 
BOBIZON, A BODY WILL DESCEND THROUGH ANY CHORD CV 
QR Pfij If TH? SAME TIME AS IT WILL DE9CEVD PEBPENDtCU- 
LARLY THROUGH THE DIAMETER ^B'. ' ' 
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For the angle at I) is right; therefore, (by Cor. 1. Prop. 
\X\1V.) (he time of descending through CD will be equal to toe 
time of desceudiujT per^iendicularly through CB. Draw C£ pa- 
rallel to I)H, then will CK be equal to DB ; and a body will de- 
scend through the chords CK, I)B in the same tinoe. But the 
tim(> of de>cciidiiif; through CE is the same as fidltng through the' 
diaiiuaer ; therefore the time of descending through any chmd 
CI), DB, is the same as falling through the diameter CB. 

Cttr, t. T/ie timx of' desct tiding through all the chords of a circle, 
liruwnj'rom cither point C or B, are equal antong themtelvet. 

Cor. 2. The veUKittf acquired b^ descending through any chord CD, 
or 1)1 J, is as the Icn^ith of the chord. 

For draw I)F perpendicular to CB, then CD = ^/CBxCF 

and \m = VCHxBF"; and (by Prop. XXXVI.) a body ac^ 
quires tlie same velocity in descending through CD, as in &lling 
through CF, but this (by Cor. 1. Prop. XIV.) is as <yCF, that is 
as CD. Also a body acquires the same velocity through DB as 
FB, and that is as >/BF, or as DB. 

Cor. 3. liiif n body will descend sooner through the small arch of 
a circle, than through its chord TB. 

For if IK J, TCf be two tans^ents, then the relative gravity at 
T in the arch and chord, will (by Cor. 1. Prop. XXXI.) be as the 
sines of the anglfjs rG(), TBO, or as BT and TG, or BG, that 
is, nearly as two to one when the arch is very small. And the 
accelerative force in the circle being double to that in the 
chord, therefore the velocity will be greater in the arch, and the 
time of description shorter, though their lengths are nearly the 
same. 

PROP. XXXVIII. iFig. 10. PL V.) 

If a body descends freely along any curve surface, and 
another body descends from the same height in a per- 
pendicular right line, their velocities will be equal 
at all equal altitudes. 

Let a body descend from A towards C perpendicular to the ho- 
rizon BC ; and another descend through the curve surface AKB. 
Divide AC into an infinite number of equal parts, at the points 
D, E, F, &c., to which draw lines parallel to BC, intersecting the 
curve in I, K, G, &c., then the curve line AKB will be divided 
into an infinite number of parts, IK,KG,&c., which may be taken 
for right lines ; or the curve surface into an infinite number of 
planes, joining at I, K, G, &c. 

Now, if the velocities be supposed to be equal in any corres- 
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pondent points ^as I and D, then (by Cor. 3. Prop. XXXVI.) 
tiiey will be equal in K and £, after the descent through IK ; and 
being equal in K and £, they will also be equal in G and,J^j^ 
after the descent through KG, and so on. Therefore, since the 
motion begins in A, they will acquire equal velocities in de- 
scfendii^g through the first plane, and, likewise, through the 2(L 
3d, 4th, &c. And, therefore, the velocities will be equal iix aU 
correspondent points I and D, K and £, G and F, &c.^ apcL at 
B and C. 

Cor. 1. Therefore^ if a body he suspended by a stringy and, by 
osciUatirig describes any curve AB ; or^ if it is any way forced to 
move in any polished and perfectly smooth surface AB, whilst ar^ 
other body ascends or descends in a right line ; then, if their velo- 
cities be equal at any one equal altitude, they mil be equal at all 
other equal altitudes. 

For the same thing is effected by the string of the pendulous 
body, as by the smooth sur^e of a polished body. 

Cor, 2. Hence a body oscillating in any curve line whatever, ac- 
quires the same velocity in the curve, as if it had fallen perpendicu^ 
tarfy from the same height. And, therefore, the velocity in any 
puint of the curve, is as the square root of the height descended. 

Cor, 3. And a body, after its descent through any curve, will ascend 
to' the same height in a similar and equal curve, or even in any cwhje 
whatever. And the velocities will be equal at all equal aUitudes^ 
And the ascent and descent will be in the same time, if the curves are 
the same. 

For the forces that generated the motion in descending, will 
equally destroy it in ascending, and therefore they will lose equal 
velocities by ascending equal heights. And if the curves ftre si- 
milar and equal, every particle of the curve will be described with 
the same velocity, and, therefore, in the same time, whether as- 
cending or descending. 

Cor, 4. This Prop, is equally true, whether the curve AKB be 
in one plane perpendicular to the horizon, or in several planes IK, 
KG, fyc, winding about in nature of a spiral. 

PROP. XXXIX. {Fig, 11. FLV,) ^ 

The times of descent through two similar parts of simi- 
xart curves, are in the subduplicate ratio of x9£lb 
LENQTHS, ab, AJB. 

Divide both curves into aa equal number of infinitely small 
partsy similar to each other; and let 6c, BC, be two of tl^m, ^i* 
milarly posited; and draw rb, RB, perpendicular. to i^, 41I# 
% Pii^B* ni* 4^ spac^ described is as the time and velo^ty, 
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and the time of descnbing any space is, as the space directly and 
velocity reciprocally. By Cor. 2. Prop. X}UCvIII. the veloci- 
ties in b and B are as i^rb and ^RB, that is because orb aad 

AKB are similar, that is, as ^ab and i^AB. Therefore, tbe tioM" 

6c BC 

of di-scribing be : to time of describing BC JI : — _ \\ 

ab AB — ' _ '^"^ '^'^ 

—7-ri -TTrr- •• '^ub • VAB :: ^^d • >/AD, because tbe 

cun'es are similarly divided. Whence, by composition, the 
whole time of describing ab : \%-hole time of describing AB V, 
is in tlie same given ratio o(»i/ab : t^AB, or i^ad : m/AJ). 

Citr, \. Hence, if two fkmdulums df scribe similar archety the times 
of their vibrations are a* the square roots of their lengths^ or th 
lengths as the squares of the times of vibration. 

For, let hdjlld, be the lengtlis of the pendulums; then, because 
the figures are similar, it is airf : AD y, hd : HD. 

Cor. 2. If a pendulum vibrates in a circle, the velocity in the 
lowest point is as the chord of the arch it described in descending. 

For (by Cor. 2. Prop. XXXVIII.) it acquires the same velor 
city in the arch as in the chord; and (by Cor. 2. Prop. XXXVII.) 
the velocity in the chord is as the chord. 

Cor. 3. The lengths of pendulums vibrating m similar arches, art 
reciprocally proportional to the squares of the number of their vibra- 
tions, in a given time. 

PROP. XL. (Fig.iZ.PLWy 

If a pendulum vibrates in a cycloid, the time of ose vi- 
bration IS TO THE TIME OF A BODY's FALLING PERPEVDICV- 
LARLY THROUGH HALF THE LENGTH OF THE PENDULUM, A3 TAB 
CIRCUMFERENCE OF A CIRCLE TO THE DIAMETER. 

Let ADfl be the cycloid, FD its axis, FGD the generating cir- 
cle. Let the body descend from H, and, in vibrating, describe the 
arch KDh. Divide HD into innumerable small parts, and let B& 
be one of them. Through H, B, b, draw HMh, BL, bl, perpen- 
dicular to the axis FD. About the diameter MD describe tho 
semi-circle MLD ; and, from its centre Q, draw QL, also draw 
LP parallel to MD, and DK, DO, GE. 

The triangles CDG, CDE are similar, and CD X DE = 
GD'. Also the triangles QLN and /LP are similar, and NL: PL 
: : QL : L/, and 2N/ : N/i : IMD : U. And since, by the na- 
ture of the cycloid, the tangent in B is parallel to the arch GD^ 
therefore Gg is equal and parallel to B^. . ^ , . 

Now, suppose a body to descend from E through the in cliutA 
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^ane ED, lince thii is a moticm ifnilbrmly accelerated, 'therdbie, 
{br Cdr. 1. Prop. VI.) it would, in the time of its bll, describe 
iED, with tiie reloeity acqirired in D. And since, (by Cor. 
Pi^. HI.) the (ioMD an u the spaces directlj', and velocities »- 
dptncall; ; and (Inr Cor. 2. Prop. XXXVIII ) the velocities are as 
the sqi^re roots of Oebeigbts; therefore it will be, e 



■ y tj . : 2^/MD X MN : Nn; by siroiUr tiiangl«i. 

Again, when the velocity is given, the time is as the space 
described. Tbirefbre it will be, as time in Cc : time in BJ ; ; 
Ce: B6orGg t! CD :GDor ^CDxDE :: ^CD : ^DE;; 
,^DN : n/DM; bysimilar triangles. Therefore, ex eqiio, time 
in ED : lime in B4 :: 3^MD x MN x DN : Nn^DM ;; 
2./MN X DN ot 2KL : Nn ; 1 MD : U. Therefore, by com- 

Esition it is, as lime in ED : time in tbe arcb lib '. \ iAD : arch 
;. And as the lime in ED : wboie Ume in HD : : MD ; semi- 
circumfinence MLD. 

And since the lime of descendii^ through HD is equal to (he 
time of descending through DA: and (by Prop. XXXVII.) the 
time of descending through ED is eaoal to the tim.' in the di- 
ameter FD. And 2FD is := DV, the length of die pendulum 
(being the radius of curvature inD); therefore, as the lime of 
Eating through half the length of (he pendulum FD ; time in 
HDA, or time of one vibration : ; diameter MD : circumference 
!MLD. 

Or.l. Haite all vibratunu, great and imall, are perfhrmed in 
tgutU timet. And, in uneqwit archa the velocities generated, iid tie 
parts detcrihed, and thost to be detcribed, in the same lime, viU 
atvK^i beat the whole arches i onjimaHi/ areJtliD,tlie acceleratiiie 
forte at aay point B, viiU be at the length BDfrom the bottom. 

For, the descent through HD is always (he same, wherever 
the Mini U is tAeo. Also, (by the nature of tbe cf cloid) - tho ' 
tangent at B ii parallel to GD, aod BD = 2 DO. And (WCotv 
2. Prop. XXXI.) tbe relative weight on GO (which is de a»- 

celerating force along GD, oc the tangent at B) is as -77= 
^,.}i J^l, !^. or» ^, '„ „ BD. »«.«.. n 

< Whkm^ dM ' accelwating fane baing alw^ u -A* 
„„™,„ from the bottom, rtiifrfbts,- iB any ti«».«rah«i,'(to.T(K 
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scribed, will be as tlicse forces ; that is, as the whole arches. And, 
consequently, tbc spaces described, and the velocities. generated, 
in any time, will be as the whole arches ; and^ therefore^ the pull 
to be described will also l)e as the wholes. 

0»r. 2. 7%f ttinc of dtsccni in IIB, to the time of descent « 
II D, is ax tht arrh ML, to the scmi-circumfcrence MJSb, 

('-or. 3. Thf viioritt/ of the pendulum in any point 3, is as 
^Wm^^Wl, or ^/llli X BDA. 

For (by Cor. 1. Prop. XI\'.) the square of the velocity in B is 
asMN, that is, as MD— ND, or E^H^l^ or DH2 — DB2; 

because DII n 2DE, and DB =z 2GD, by the nature of the cy- 
cloid ; and DF is given. 

Cor. 4 (Fig.l. PI. VI.) If the length of the pendfilumVD be made 
double the a vis FD ; and AR\", crV, be two semi-cycloids equal to 
AIID, ami so placed ^ that the vertex {as D) be at A and a. 3te 
the pendulum \ II vibrating between the cycloidal cheeks ARV, arV\ 
the jnnnt li will describe the cycloid AWDha ; and the time of its vh 
brationwill be 3.U\6 X time of falling through FD, ktdf the 
length of the pendulum. 

All this follows from the nature of the cycloid. 

Cor. 5. llence^ahoj it appears from ejcperiments on pendtdumSy 
thaty at the surface of the earthy a heavy body will descend through a 
space of 16 1\ rlngUshfect nearly y in one second of time. 

For it is found, by observations upon clocks, that a pendulum 

39, 13 inches long, vibrates once in a second; therefore 

3.1416 

39 13 
z: time of a body's falling through FD or — ^— inches. And 

consequently (by Prop. XIV.) the space fallen through in one 

second will be 111^ X 3.141 6*' =z 193,096 inches =z 16.0913 

2 

feet. Yet a pendulum vibrating freely will be something longer 

in vibrating than a clock, because the palate wheel of the cloiok 

acting against it, takes off something from its ascent, and makes 

it return sooner, or shortens tl»e time. 

Cor. 6. Hence, also, if pendulums of the same quantity of matter 
and any lengths, be acted on by different forces of gravity , their 
length will be as the forces (f gravity, and the squares of the times 
of vibration. 

¥oT the times of vibration are in a given ratio to the times 
of descent through half the lengths of the pendulums. And 
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(fagr Cor. 3. Piop. V.) if Ae matter be given, the velocity n- 
ao a ted in deacanding bodies is as tfae force and time ; utd ^j 
Pwm. VI.) Ifae space descended is as the velocity aod time, Aat n 
ittte force and square of die time. Hetefore, half the lev^ of 
dke peDdalom is as the force, and sqnare of the lime of descend- 
ing twlf its length ; ivheoce, the len^ is a* (he force and sqtiare 
rfthe time of vtbiation. 

Cor. 7. From thevwtion of pendidtant itaUoJblloas, that, in am/ 
one place, the quantity of mailer in any budy ti proporlional to ui 
weight. 

For it is cettaiD, from expetience, that pendulums of equal 
length, whatever quaatities of matter they contain, vibiate in the 
lame lime. Therefore they will descend through half the length 
of the pendulum in the same lime ; and, consequently, wcwld ac- 

£ lire equal velocities in the same time. Therefore (by Prop.V.) 
e velocity and time being given, the quantity of matler b as the 
■force of gravity. 

Cor. 8. Hence it alto Jblloat, that there are aienitiet or empty 
ipacei in boditt. 

For since Chy Cor. 7.^ the quantity of matter is as (be weight 
of the body, if it vrere true that there is an absolute j^ertam, all 
bodies of the same bulk must be of equal weight; which is con- 
tra^ to all eipeiieoce. 

PROP. XU. {Tig. a. PL VI.) 
If a PENDrniM AT oscillates in a circle TRQ, and, ih tie 

MEAK TIME, BE ACTED ON IN THE SEVERAL POtNTS T, BI A 






For, from any point T draw TZ perpendicular to the horizon, 
aodTY a tangem lo the circle in T; and let AT express the 
uniform forae of gravihr, TZ the variable force at T; draw 
ZY perpendiculai to TY; then the force TZ will be resolved 
into the twoTY.YZ. Of which YZ, acting in direction AT, 
does not at all change the motion of the body. But the force 
TY directly accelerates its motion in the circle TR. The tri- 
angles ATN, ZTY are similar, and TZ : TA ; ; TY : TN; 
but (by BupposiHon) TZ r TA : ; ardi TR : TN ; therefore 
TY = arehTR: that is, the force TY is as the aitdi to be de- 
scribed TR. Therefore, if AT, At, be let fall together from die 
points T, (; the velocities generated in equal times, vrill be rathe 
forces TY, ty; that is, as the ardoes TR, *&,■ to be dcaeiibed. 
BtUtfaepaitsducnbedaltbebesinmiigoftiSe motjoi), anasdie 
vdodties; that is, as the wholes lobe described at the begioning; 
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ud, IhlrtlbiB, tha pans which rumkin to be dtsctibeii, mh 
4t 'MtfWi|lWil WMDlnatioiu pioporlional to tksM paiu. qe, 
>bo M Am whola*, ke. Therafure th« vplooitiM gen«ral«J, asi 
llMpltll ^MWflwd with these velocittea, and Uie parta lo be de- 
MriM^<m alwkp M tlie wholai. Aui, Ihorerore, ihe paru ta^ 
iiwciibtdt being etery where as the velocitiee they are imttiM 
irith, wiU be de»crib«(l io equ^ limed and vanish IcRfetheryoift 
if, the t«ro bodiea otcillating will utme at the peqieDdlcuTa^ Mw 

Car. 1. tbriee that the cHrationi inaeirdenHff be itocnutlitK 
firceTZ muit be =^ X gntvUt,. 

Car. 3, Jtetirt, if a pendultaa cihrate* by thr force ofgrmts 
onfy, tietimti of vutratitm, in very miall different arrhet,viM btvaji 

For, in niult udiet, the ratio of the aicfa lo the conl ii aoAf 
a ratio of «quality. 



For the grarit; at T being lea* than Ibe isocional force, dt 
body will M longei in detcribing ihut irclk 

Cor, 4, Venn; alio, if » ptiuitiluin vt^rala iathe tmaUarthoft 
fircfe, tte time efone vibration in to (Ac ii»e qf a body', falBat 
thvugh tmicc the ieiisfk of^ie pendulum, at haff the cirtMftreMt ■ 
efaardetoOlJiamlter. 

For AR ii the radios of curvature of a cycloid, whose t^ ii ( 
AR. Therefore the cjrclv and c^vcloid coincide at B, Utdtia 
small atchei of both will be described in the nmctiiDe; tfattii, 
as expressed by Prop. XI_, only here we take twice Ibe length of 
the peudulDin and half the dreutafbmiee, whidk conn to dw 
same thing, hj Cor. 1. Prop. XXXIX. 

Scholium. — In these propoiilioii^ Ae Tibreliiig bodj ii n^ 
Msed to be very small, and IsffaerelbMConsidaredaBlyaia paM> 
Bui if it be of any deterrniQate bigMti, the poiiit to iMfi. ft* 
length of the pendulun ii meainr^, it not in the middle oi m^ 
tre of gravity of the body ; biit in another place, and ii aUod thg 
ceotre of oscillation, at will appear in the VI. Section. 

It has been proved, that the tame pendulum is. longer in n- 
broting in a Urge arch of a circle than in a small one. And it 
may be computed, that if a pendulum vibrates seconds in an n- 
tremely imatl arch ; and C be the length of indies of ihe oh«d id 
any arch A; Awn. SJCC wiU be the uccndi krt in t — ^ *"- 
boun bj nbntu^ in te nA 84- 
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And, if a' pendnlam vibrates seconds in an arch 2d, and e 
'b« &e coTd (rf a, or of half the irhole aich. Then 3 ) x 
Cfc — (e mil be Ae ■ecood* tott in inentjr-ibiir hours, by Tibratuig 
inflte pA, tbecbovd ofwboM balfis C. 

AUo, if tbe bob of snch a pendulum can be screwed np or down, 
mdjonpntn ^ niunber of threads of the screw contained in as 
io^ ji, ~ time In minutes that the clock gains or loses in twenty- 
fear boon- Then it follows, bj the tbeoi; of pendulums, that 

ny will be the number of threads or revolutions of the nut, 
fha« lEe bob is to be let down or niaed up, to beat seconds. 





SECTION FIFTH. 

OF THE CENTRE OF GRAVITY AND ITS PRO- 
PERTIES. 



PROP. XLII. (1:^.3. Pl.Vl.) 



DTSIS PERPENDICULAR 
THE BOOT KBSTS, tHB 
T THE »ASE, IT 



Let C be the centre of graTJly, CD perpeadicular to the hori- 
zon, Mtioa within the hue BEPG; draw RC, and auppioie the 
whole bod; suspended at the point C ; then (by DeF. 13.), the 
body will be in equilibrio, and remain at rest upon DC. Now 
take away DC, and suppose the body (o be supported only upon 
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liie fine^RCy moreable about R ; tben bj Ax. 8. the body AB, 
logedier "with the line RC, will endeavour to descend from the po- 
rtion RC towards D. Also, for the same reason, the body and 
IIm line CS will endeavour to descend from the position CS to- 
ivaids D ; but as these two motions oppose each other, the body 
inll be sustained by the points R, S, and therefore it will stand. 
And the same is true of every two opposite points R, S. 

CASE II. (f%. 5. P/. VI.) 

But if CD fall without the base, then the line RC and the 
body at C will endeavour to descend towards D ; also the body 
and line CS will tndeavour to descend towards D likewise ; 
and as thk motiom does not oppose tbe other, there will be 
nothing to support die body ; therdbre it must necessarily &U to-r 
wards D. 

(jor, 1. 'Henct itJbUowSy that if the centra of gravity of a body 
k supported^ the whole body is supported. And the centre rf gravity 
rftfuibbA^mimif be esieaned the place of the body. Andifit be 
mtainedm fmy Imer or'^^beam^ ii^phn u mi the point where the 
ham is cut by a line drawn from the centre of gravity perpendicular 
to the horizon. 

Cor, 2. AU the gravify of a body, ot^ the force it endeavours to 
detcend withy is coUeeted into the 'centre of gravity ; and therefore 
whatever sustains the centre of gravity, sustains the whole weight. 
Ani'ihe descent of a body must be estimated by the descent qf its cen- 
tre of gravity. 

Cor, 3. Hence, also, the larger the base is, upon which a body 
stands, and the further within it the centre qf gravity lies, the 
farmer the body will stand, and the more difficult to be removed. On 
the contrary, the less the base, or tfie less the centre qf gravity falls 
within it; somtuh the easier it is to be moved out qf its place. 

CAfr. 4. (Fig. 4. PI. VI.) If a Body be laid i^n a plane GF, and 
oneendYQraduaUy raised up, the body will slide down theplane, if 
the perpefMicular VDfaU within the base; but if it fall without, 
it wHl roll down. 

PROP. XLin. (^Fig. 6. PL VI.) 
The common cent&s of GBAvrrr C of two bodies A, B, is in 

THE BIGHT LINE JOINING THEIR CENTRES OF GRAVITY ; AND 
THE DISTANCE OF EITHER BODY FROM THE COMMON CENTRE OF 
GBA,VITY,^IS RECIPROCALLY AS THE QUANTITY OF MATTER IN 
IT. ' 

. LetAf B be the centies of gravity, of. A and B, and suppose 
AB to be an inflexible right line, or lever; and C the- Ailcitun. 
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Then, if C be" the centre of gravity of the bodies A, B, those 
bodies (by Def., 12.) will be in equilibrio. And consequently (by 
Cor. 4. Prop. XIX.) AC : CB : : B : A. 

Cor. 1 . //' there be never to mamf bodies, the common centre of 
gravity of them all, is in the right line drawn from the ctntn of 
f^avit}f of any one, to the common centre of gravity of ail the rest; 
and it divide x this line into two fwrts, reciprocal^ a* that body to 
the sum of all the rest of the bodies. 

For let I) be another body, and let B and A be placed in C, 
then will C : D :; DE : CE. And so on for more bodies. 

Cor. 2. (Fig. 7. PI. VI.) If several bodies A, B, D, £, F> in 
equilibrio upon a straight lever AF, then the ftUcnan Cis at ike 
common centre of gravitt/ of all tltose bodies. 

PROP. XLIV. (Fig. 8. PL VI.) " 
If there be several bodies, A, B, D, E, F ; and if asy 

PLANE PQ BE DRAWN' PERPENDICULAR TO THE HORIZOV ; THE 
SUM OF THE PRODUCTS OF EACH BODY MULTIPLIED BY ITS WS- 
TANCE FROM THAT PI-ANE, IF THEY ARE ALL ON ONB SIDE) 
OR THEIR DIFFERENCE, IF ON CONTRARY SIDES ; IS EQUAL TO 
THE SUM OF ALL THE BODIES MULTIPLIED BY THE DISTAVCE 
OF THEIR COMMON CENTRE OF GRAVITY FROM THAT PLANE. 

Draw lines perpendicular and parallel to the plane PQ, as in 
the figure, and let C be the centre of gravity. Then, (by Cor. 3. 
Prop. XIX.,) the force of all the bodies to move the plane PQ 
about R, will be m P x D + oE x E +rF x F — AJk x A— 
B/ X B. That is, r/C+ RC X D+ fC + RC X E -fHSC^ 
X F— aC — RC X A — 6C— RC X B, o r f/C X D + eC x E 

— ^c X F— tfCxA— k:x B + RC xD + e + f + a+b. 

But because C is the centre of gravity of the bodies, therefore, (by 
Prop. XX.,) (/CxD + eC xEzzyCxF + aCxA+AC 

X B ; therefore we have w?D x D + oE x E -f rF x F Ak 

X A— B/ X B = RC X A-f-B + D + E + F. 
Cor. 1 . This Prop, is equally true for any plane whatever. 

For suppose the plane and the bodies to be put into any 
oblique position, all the distances will remain the same as be- 
fore. 

Cor. 2. If any plane be drawn through the common centre of gra- 
vity C,qf any number of bodies A, B, D, ^c. and each bodu he 
multiplied by the Stance of its cerUre of gravity from that^me; 
the sum of the products on each side are equal : AxaC+BxiQ+ 
FxfCzzDxaC'^'BxeC' . . 
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For the distance of a body must be estimated by the distance 
of its oeatre of gravity. 

Cor. 3. Henccy aUo, the mm (or difference) of the products of 
eackpartide of a body multiplied by Us distance from any jUtme 
w fc rfg w cr , iff e^sal to the whole body mtdt^jUed hf the disUmee of its 
eetart ofgrtnUyfrom that plane; and if the plane pass throuf^ the 
emts^^^ravityf the sums of the products on each side are epul. 

Cor. 4. The sum of the forces of a system of bodies is the very 
same J as if all the bodies were collected into their common centre of 
grauilyy and exerted their several forces there, 

Foir t he som of all the forces a re wiD x D + oE x E, &c., or 
EC X A + B + D + E + F. 

Cor. 5. And the same is true of any forces whatever ^ with regard 

to the centre of gravity of those forces ; and, therefore, if several 

forces act in parallel directions, the stem of all these forces will be 

equivalent to one hingle force; and their common centre of gravity, 

tie place where it acts. 

Cor.6. (Fig. 4. PI. VIII.) ^a circle be described about the centre 
efgraoity G, of a system of bodies A, 3,0; and am/ point S be 
Uhem at pleasure in the circumference; then SA' X A + SB? X 
B X SC* X C, iff a given quantity; and the same holds true far the 
wiafiKe of a sphere, md the bodies not all in one plane. 

For, draw SO, on whidi let fall the perpendiculars An, Bb, 
Cc; then, (by End. II. 12, 13.) SA' x A + SB' x B + SG»x 

C = 8G> + GA'+ 2SG X Ga X A + SG»+GB»— 2SG X G6 

X B + S(? + GC» +2SG X Gc X C. But, (by Cor 2.) Ga X 
A — Gb X B -i- Gc X C =z 0, and all the rest are giren quan- 
tities. 

PROP. XLV. {Fig. 9. Fl. VI.) 
If there be several forces in one plane, acting against 

ONE another in THE POINT C, WHOSE QUANTITIES AND DI- 
RECTIONS ARE CA, CB, CD, CE, CF; and if they keep one 

ANOTHER IN EQUILIBRIO; I SAT, C IS THE COMMON CENTRE OF 
GRAVITY OF ALL THE POINTS, A, B, C, D, E; AND ANT ONE 
OF THEM AS £C BEING PRODUCED, WILL PASS THROUGH THE 
CENTRE OF GRAVITY G OF ALL THE REST. 

Since all the forces are in equilibrio, the som of the forces act- 
ing against EC will destroy its effects, and act against it in the 
same line of direction. 

Upon EC let &n the perpendiculars Ao, Bb, TM, Ff; dien any 
force AC is divided into two Aa, oC. Now, as the ponit C is in 
equilibrio, all the perpendicular forces Aa, B^, on one side, are 

r 
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equal to all those Dd, ¥f, on the otbefy by Az« 11 ; and if the 
body 1 be supposed to be suspended at A, B, D, £, F ; then, since 
AflXl + B6x l = Ddxl+F/'xl;the centre of gra- 
vity of the bodies A, B, C, D, (and, also, of all the bodies^ is in 
the line EC. Again, it follows from the equilibrium of the nrces, 
that EC + aC := C6 + C(2 + C/*, by Ax. 11; and, therefore, if 
the body 1 be suspended at die points £, a, d, b,f; C is their 
centre of gravity, that is, C is the centre of grayity of £, A, B, 
D,F. 

Cor. 1. IfG be the centre ofgraviti/ of h^ B, D, F; then EC= 
CCj X number of points A, B, D, F. 

For EC = C6 -f Cd .+ C/— Ca == CG X A -f B + D+F» 
or 4CG, by Prop. XLIV. 

Cor. 2. The sum of all the perpendiculars on one side, Ao, BfrS 
sun Dd, Ffy on the other side of EC ; axid the sum of their dit- 
tances CE, Co, on one side =z turn Cd, Cby Cf, on tl!e other uk 

ofC. 

PROP. XLVI. (Fig. 10. PL VI.) 
If a body be acted on by several forces A, B, C, D, £^ ly 

THE PARALLEL DIRECTIONS Ao, Bft, &C. AND KEPT JN SQUILI- 
BRIO ; AND IF ANY PLANE RN BE DRAWN FROM ANY POINT 
R ; THE SUM OF THE FORCES ON EACH SIDE ARE EQUAL, A + D 
Z^ B -f C -|- E ; AND THE SUM OF THE PRODUCTS ON THE 

OTHER SIDE, Ra X A + IWxD = R6x B -j- Re x C —Re 

X E; AND THE CONTRARY ; WHERE ANT PRODUCT LYING THE 
CONTRARY WAY FROM R, MUST RETAKEN NEGATIVE. 

For, suppose RN to be the plane, acted on by these fbrces ; 
then (by Cor. 6. Prop. XLIV.) the effect of the forces A and D 
acting at a and d, is the same as if they both acted at O, their 
centre of gravity ; and the effect of B, C, E, acting at b, c, e, is the 
same as if they all acted at their centre of gravity ; which, because 
the body is unmoved, is the same point O ; and, therefore, be- 
cause of the equilibrium, A + D =: B + C -j- E, for the quan- 
tity of force. 

In respect to their places, because O is the centre of gravity of 
A and D, as well as of B, C, an d E ; th erefore, (by Prop. XLIV .) 

R« X A H-IW x D = ROxAH- D = RO x B + C+E= 
R6 X B + Re X C — Re X E. And, on the contrary, if 
these forces be equal, the body ynW be in equilibrio, by Ax. 9. 

Cor. 1. (Fig. 11. PI. VI.) If a bodt/ FGIH be at rest whilst it is 
acted upon by several forces, in the same plane, whose qtumtities and 
directions are pA, ^B, rC, sD, fE, cutting any line RN drami m 
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the Vodu ai p, q^ ^c.^ gnd theperpendiadanJSm^ 'Bb, ifc,y are dtawni 
then, laa^^ 1. tk$ turn tftke perpendicularfiMres on each tide are 
epiai, Aa + D(2 =: Bb + Cc + le. 2. Theiumsofthe cmtrary 
fi^xs m direction cf the Une RN are egual, fa + yi := fx: + 
«tf + ici 3. The sums of the recimgles On each ndcyfrom aimf 
point R, are eqmlj Rp x Aa ^ Rs X Drf— RyXBA+Rrx 
Cc 4- R* X E<. But where the pointt lie the contrary way from 
R, the rectangles must he negative; and when all these are equaly the 
body is at rest. 

For^ since it is the same thing whether any force A act, at A, 
at F^ or at p, we will suppose it to act atp; then if the oblique 
force pA be divided into the two pa, aA ; and the same for the 
rest ; then the sum of all the forces pa must be equal to the sum 
of all the contrary forces cr, by Ax. 11. Hie rest follows from 
diis Prop. 

Cor. 2. And if a body be kept in equilibrio by several forces act' 

ing at different points, and in different directions, either m the same 

pume, or in diffirent planes; it will still be in equilibrio by the same 

JorceSy acting from any one pointy and in directions respectioely pa* 

rallel to the former. 

For, in the same plane, the forces parallel and perpendicular 
to RN^ will remain the same as before. And when the directions 
of any of the forces are out of this plane, all these extraneous 
^rees may be reduced to others, one part acting in the plane, the 
other perpetidicular to it ; and both these remain the same in 
quantity as beforci And since the forces acting in the plane, kept 
.one another in equilibrio at first, they will do Uie same still. And 
as the parts perpendicular to this plane, also kept one another in 
equilibrio at first, they will do the same when applied to their 
common centre of gravity, or to any other point. 

Car. 3. If several forces acting after any manner "keep a body un- 
moved; and any plane whatever be drawn; and the vagrant forces be 
allretbiced to that plane; then all the perpendicular forces on one side, 
are equal to those on the other; and their centres of gravity fall in 
. the same point. When this does not happen tn aUplaneSy the body 
will be moved some way or other. 

PROP. XLvn. (Jig. 1. Fi. vn.) 

To FIND THE CENTRE OF GRAVITY OF A SYSTEM OF BODIES, A,B,C. 

Draw any plane ST, and ftam the centres of gravity of all the 
bodies, draw perpendiculars to this plane, Aa, B2>, Cc; then (by 
Cor. 3. Prop. XJlA.) the forces of A, B, C, at the distances Aa, 
Bb, Cc, from the plane, will be A x Ao, B X B6, C X Cc. Let 
G be the centre ot gravity, then the sum of the forces A X Aa + 
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B X Bfc H- C X Cc must be =: A -j- B + C X Gg, the power 

of all the bodies situated in G (by Prop. XLIV.) whence the 

distance of the centre of eraTity from the plane, that is Gg:z 

AaxA + B6xB + CcxC , , -^ ,,. 
-— = — —; : where, if way of ne bodies 

A •4" B -f- C 
be situate on the other side of the plane, the correspondent rect- 
angles will be negative. 

And if the di.'^tance be in like manner found firom the plane 
T\', perpendicular to ST, the point G will be determined by 
making the parallelogram TG with the rebpectiye distances from 
tliose planes. 

Cor, 1 . Let b be any body, p any particle in it, d Ui diitance 
from a given plane; then the distance of its centre of gravity from 

thatplaneis- ^'^^f''^^^^'''^ . 
^ b 

Cor, 2. To find the centre of gravity oj an irregular plane fir 
sure. Suspend it by the string AEB, at "E; and draw the pbmb 
line ECF. Then suspend it by another point of the string at D, 
and draw another plumb line through £, to intersect CF ; and the 
point of intersection is the centre oj gravity. 

Cor, 3. To find the centre of gravity of a flexible body, lay it 
upon a board whose centre of gravity is mown ; lay the centre of gra- 
vity of the board upon the edge of a prism; and km the boify t^Nm 
it, and remove it bade or foruHuds, till it be in equsUbrio ^i^fon the 
board. 

Scholium. — ^The centres of gravity of several planes and solids 
have been determined to be as follows : 

1 . If two lines be drawn from two anp^les of a triangle^ to the 
middle of the opposite sides, the point of intersection is the centre 
of gravity ; therefore, the distance of the centre of gravity fiwrn the 
vertex, is two-thirds of the line bisecting the opposite side. 

2. In a Trapezium ABCD, {Fig. 3. Fl, VII.) the centre of gra^ 
vity is found by dividing it into triangles. Find F^ G, the centres 
of gravity of the triangles ADB, CDB; and F, H, the centres dT 
gravity of ABC, ADC. Then draw EG, FH, to intersect in O, 
the centre of gravity of the Ti-apezium. 

3. The centre of gravity of a right line, parallelogram^ cylinder^ 
and prism, is in the middle. 

4. For the arch of a circle, as ^ arch : sine of \ arch \ * xadius : 
distance of its centre of gravity from the centre. 

5. For the sector of a circle, as arch : cord \\ ^ radius : dis- 
tance of its centre of gravity from the centre. 

6. For Utin parabolic space, the distance of the centre of gravity 
from the vertex is 7 of the axis. 
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the cone andwramidy the distance of the centre of giavity 
3 vertex is f <Mthe axis. 

B.pttrabolotd, the distance of the centre of grayitj from die 
1 3> of the axis. 

>r Ae tegment of a tpherey let r z= radios, x := height of 
aent; then the distance of the centre of grarity firom the 

PROP. XLMII. 

OR MORE BODIES MOVE UNIFORMLY IN ANT GIVEH DI- 
rONS, THEIR COMMON CENTRE OF GRAVITY WILL EITHSR 
* REST, OR MOVE UNIFORMLY IN A RIGHT LINE. 

Case I. 
ne body stand still, and tlie other move directly to or from 
ight line; then, since the centre of gravity divides the dis- 
a a given ratio, and the distance increases uniformly, 
ie Uiat centre moves uniformly. Now, suppose the other 
l^ewise to move in the same right line, and any quantity 
e' to move along with it; then, since the body is relar- 
it rest in this space, the centre of gravity, in regard to 
ce, moves uniformly; to which, adding or subtracting the 
I motion of that space, the centre of gravity will still 
liftmnly. 

Case II. (Fig, 4. PL VU,) 
be bodies move in one plane, in the directions DE, AB; 
i their lines of direction till they meet in D, and when one 

in D and £, let the other be in A and B respectively. 
ye their centre of gravity, when in D and A; and K, when 
id B ; and draw HK, and make BP r= AD, and draw 
i KL parallel to AB ; then DE is to AB or DP, in the 
itio ot the motion of the bodies ; and since the 2I EDP is 
herefore all the angles of the triangle EDP are given, and 
I be to PE in a given ratio. But by similar triangles PE 
L ih the given ratio of BE to BK, by the property of the 
»f gravity, therefore DP is to PL in a given ratio. And all 
les fn the triangle DPL are given, and therefore the angle 

Therefore the point L is always in the line DL given in 
1'. ■ And by the nature of the centre of gravity, DA : DH 

EK :: PB or DA : LK. Therefore DH = LK, whence 
is a parallelogram, and HK parallel to DL, and Uierefore 
le BHK is given ; and the centre of gravity K is alwa^ in 
t IhUe HK given by position. And because all the anglea 
triangles DPL^ and DLE are given ; therefore the line« 
^uL^itfA^isjAB, DE,'ItK are in a given ratio; and, 
lently, the point K moves uniforinly along the right line 
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I IK. And the demonstration is in the same numnery if one of 
tlie bodies B moves from B towards A. 

Case III. {Fig. 5. PL VII.) 

I>et the paths of the bodies AB, DE, be in different 

f)lanefl. Through the path AB draw a plane Bde jparal- 
el to the path DE, and tlirough DE draw the plane DdeE per- 
pendicular to Bdcy produce AB to d, and let Dd^ £e be perpendi- 
cular to de. Then the planes DdA, EeB, will be perpendicular to 
the plane edh. Let one body be in A and B, when the other is 
in D and E respectively. Now, if the body at D were to move 
in dr, tlien, (by Case 2.,) the centre of gravity would move uni- 
formly along some right line IIK; through HK erect the plane 
lifvA'A perpendicular to HBK. Then, by similar triangles, and 
the nature of the centre of gravity, AA: AD :: (AH : HDr.BK: 
Ke : :) B/c : kE. And kk is the path of the centre of g^vity of 
the bodies moving in AB, DE. Likewise, Dd : HA H Ad : AH 
:: 6£ : BK :: eBorDdiKk; therefore, HA = K^, laid kk is 
equal and parallel to Ilk, therefore the centre of gpravi^ of the 
bodies (moving in AB, DE) moves uniformly thrcnigfa the right 
line hk. 

Case IV. 

The common centre of gravity of two bodies, and a third is 
cither at rest, or moves uniformly in a right line ; for these two 
may be put into the place of their centre of gravity, which before 
moved uniformly ; and then the centre of gravity of the three will 
move uniformly. Likewise the common centre of gravity of three 
bodies and a fourth, will move uniformly in a right line, and so 
on. 

PROP. XLIX. 
The common centre of gravity of two or more bodies, 

DOES not CUANGE ITS STATE OF MOTION OR REST, BY ANY AC- 
TIONS OF THE BODIES AMONG THEMSELVESf OR BY ANY FORCE! 
THEY EXERT UPON ONE ANOTHER. 

Suppose any space in which the bodies are inclosed, to move 
uniformly along with the centre of gravity of the bodies, before 
the actions of the bodies upon one another, then the centre of 
gravity is at rest in that space. Now, if two bodies mutually act 
upon one another, since their distances from their ceiitre of gravity 
are reciprocally as the bodies; and as action and re-action aie 
equal, the bodies will approach or recede from that centre by 
spaces which are in the same ratio; therefore the centre of gra- 
vity will still remain at rest. And, in a system of several bodies, 
because the common centre of gravity of any two acting mutually 
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upon eadi odiery is at rest; and ibe actions of all the bodies being 
die sum of the actions of every two, it is evident the centre of 
gravity of all- the bodies remainfe the same, as if Ibey did not act 
at all upon one another; and, therefore, is at rest in this space, 
or moves uniformly forward along with it 

Cor. 1. "Bieiya^ if a body he projected into free xpace^ if it have 
aany drcular motumy this motion will be performed uniformly ab&tit 
an axil passing through the centre of gravity. 

For if every particle of the body detained the distinct motion 
first impressed on it; the common centre of gravity of the whole 
would move in a right line, by the last Prop. And since the co- 
hesion of the parts of the body retains the particles in one mass^ 
dimfore (by this Prop.) the motion of the centre of gravity is not 
alteiedy which it would be if the axis of circular motion did not 
pass through the centre of gravity, but through some other point. 

Car» 2. And if a hoAf he hurled into the air, its centre of gravity 
vnU either move in a right Une, or describe a parabola ; wnmt that 
body revolves about an axis passing through the centre of gravity, if it 
have any circular motum. 

PROP. L. {Fig, 6. FL VII.) 

ThE^ SIJM OF THE MOTIONS OF SEVERAL BODIES IN ANT GIVEN 
DIRECTION, IS THE SAME AS THE MOTION OF ALL THE BODIES 
IN THE SAME DIRECTION, MOVED WITH THE VELOCITY OF THEIR 
COMMON CENTRE OF GRAVITY. 

Let Ac bodies, A, B, move round the centre of gravity C at 
rest, to the places a, 6; draw BCA, bCa. Then, since A : B : t 
BC : AC !* ftc : ac ; flierefore the triangles ACa, BC*, are simi- 
lar, and /i bBc r: 2. CA/i, therefore B^ is parallel to Ao, and the 
bodies Boove in contrary directions. Also, since An : B6 * * AC : 
CB : : B : A, or Aa X A =: B6 x B. Therefore the motions 
of A, B, in contrary directions are equal, or their motion the same 
way is 0. Now let the space and bodies moving in it, be moved 
in aoy direcliOB with any velocity v ; it is manifest, the motion of 
each body in that direction will be greater than before, by the 
.quantity of matter x velocity. Therefore, the sum of the motions 

is now vA + vB or V x A + B, that is, equal to the sum of 
die bodies x velocity of the centre of gravity. 

After the same manner, the motion of three bodies is the same 
as die motion of two of them, moved with the velocity of their 
common centieof gravity, together with the motion of the third; 
that is (by what has been shown) equal to th^ sum of all the three, 
.moved with the velocity of the centre of gravity of all the three - 
aod so for inore bodies. 
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Cer. The centre of gravity of a body tmat be taken for the place 
of the body. And the motion of any boibfy wof asnf ty^em qfbodieSf 
must be cxtimated by the motion of the centre of gravity, 

PROP. LI. 

If two weights on any machine keepoxb another ik equi- 
lirrio, if they be any how raised or moved by help of 
the machine, the centre of gravity of the weight and 
power will always be* in the same horizontal right 

LINE. 

For in the lever, the centre of gravity is at the fulcrum, and, 
therefore, it neither ascends nor descends. In the wheel and 
axle, and in the pulley or any combination of pulleys, the wdght 
and power ap])roacli or recede from each other, by spaces wnfdi 
whicn are reciprocally as the bodies ; and, therefore, their centre 
of gravity is at rest. And upon any inclined plane, the perpen- 
dicular velocities of the power and weight (by Cor. 4. Wbpr 
XXXI 11.) are reciprocally as their quantities, and the distance of 
the centre of gravity from each, being in the same ratio, is alsa 
at rest. And, universally, in any combination of these, or any 
machine whatever, where the equilibrium continues, the ascent 
and descent of the power and weight being reciprocally as their 
quantities^ the centre of gravity neither asceuds nor descends. 

PROP. LII. (Fig. 8. PI, MI.) 

If a HEAVY BODY AB BE SUSPENDED BY TWO ROPES AC, BD ; 
A RIGHT LINE PERPENDICULAR TO THE HORIZON PASSING 
THROUGH THE INTERSECTION F, OF THE ROPES, WILL ALSO 
PASS THROUGH THE CENTRE OF GRAVITY G, OF THE BODY. 

For, continue the lines AC, BD to F ; then it is the same thing 
whether the lines that sustain the body, act at C and D, or Rt F, 
in the same directions ; suppose, therefore, that the body AFB is 
suspended at F ; then since (by Ax. 7.) the body will descend as 
low as it can get ; and (by Cor. Prop. L.) the centre of gravity 
must be taken for the place of the body ; therefore the centre of 
gravity G will be in the line FG perpendicular to the horizon. 
And it is the same thing if AC, BD, intersect in a point F below 
the body ; for the body cannot be supported except the centro of 
gravity G be in the perpendicular GF. 

Cor. 1. Hence, «/GN be drawn parallel to AC, the weight of the 
body, the forces acting at C and D, are respectively as FG, GW, and 
FN ; or as the sines c^the angles AFB, GFB, and GFA. 

Cor, 2. Tlie lines AC, DB, and FG, are all in one plane perpen-^ 
dicular to the horizon. 
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Cor. 3. Ifike^mirtqfgravUyfittnoim tii€ Ime-IGrihe body 
wiUmirvtitiUitJoUmthatine, 

PROP. LIII. (Fig. 7. PI. VII.) 

If any body watever, as BC, or any beam loaded with a 
weigt, be supported by two planes ab, cd, at c and 
b ; and from the points c, by the lines cf, bf, be drawn 
perpendicular to these planes ; and from the intersec- 
tion f^the line fh be drawn perpendicular to the ho- 
rizon, it will pass through the centre of gravity g, of 

THE BODY. 

■ ' . » ■ 

For smcie the body is sustained by the planes at B, C^ and 
these ^p^nes re-act against the body in the perpendicular direo- 
tioQS BFy .CF ; therefore it is the same thing as if the body was 
gii^tiuned ]by ;the ^o rppes BF,CF; and, consequently (by Prop, . 
lasQ. xfl will pass through G, the centre of gravity of the whole 
weSil, 

tCon 1. Jf EG be drawn paridlel to CF, then the whole weighty- 
iht'premure upon the planes CD, AB, are respectively as FGj EG, 
£F;;and m these very directions ; or, as the sines of the angks 
BBC, BFG, and CFG. 

Cb**. 2, If the line FG drawn (from the intersection qf the per- 
pendiculars FC, FB) perpendicular to the horizon, does not pass 
through the centre of gravity, the body will not be sustained^ but will 
I move till the centre of gravity fall in that line. 

[ Oat. 3.- Hence, if the position of one plane C D be given, 
! ttnd' the position of the body CB, and its centre of gravity G ; 
I the position of the other plane AB' may be found, by which the 
' ho^ will be supported, by drawing CF perpendicular to CD, and 
GF perpendicular to the horizon: and from F drawing FB ; then 
BAperpendictdar to. it is the other plane, > . 

Scholium. — Some people have objected against the truth of Khe 
two last Propositions, as well as some others, though demonstra*- 
hly proved. Bnt this arises only from their own ignorance of the- 
principles. They that have a mind may see this very Propo 
sition demonstrated five or six different ways in Prop. XXDf . 
o&^he smidl Treatise of Mechanics, published in Vol. VII. of IIk 
Cydomathesis. 

PROP. IIV. {Fig, 10. PI. VII.) 
If a heavy body AD, whose centre of gravity is G, be 

SUSTAINED RY THRER FORCES A, B, C, IN ONE PLANE, ACTING : 
IN DIRECTIONS AH, BI, CD. AnD IF FGP BE DRAWN PER- 
PENDICULAR TO THi HORIZON, AND CD PRODUCED TO CUT IT 
IN Pj AND IF AH, BI PRODUCED, INTERSECT IN O ; THEN IT 
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OP BE DRAWNy AND IF £P AKD OF BE DRAWN PABALLU TO 
AO AND PC; THEN I SAY THE WEIGHT OF THE BODT^ TBI 
THREE FORCES A, B, C, ARE, RESPECTIVELT, AS FP, £P^ £0^ 
OF. 

Because the line OP is UDmored, the point O is gustained by 
three forces in directiooa OP, OA, OB; which, theiefore, anas 
the lines OP, EP, OE. Also, the point P is sustaiood Isy three 
forces in the directions PO, PC, Or ; which, therefore, are as the 
lines OP, OF, FP : of which that in direction FP is the weight 
of the body, at G the centre of gravity. And the forces at 
and P, in the direction OP and PO, are equal and contrary. 

Cor, Hence^ if an^ other foixx uuUad of the weight act at G,tn 
directum GP ; then the forces at P, A^ B, C, wili be reaedine^ u 
n\ EP, EO, OF. 

Scholium. — If one of the forces be given, all the rest may be 
found, if they act two and two at different points O, P. But, if 
five forces act in one plane, two of them must be given. 

PROP. LV. {Fig. 9. PI, Vri.) 

If EBDF be ANY PRISMATIC SOLID ERECTED UPON ▲ PLANE AD'f 
AND IF IT BE CUT BY ANY PLANE AGII ; I SAY, THE SVRTACtj 
Oil SOLID GBDH, CUT OFF BY THIS PLANE, IS BESPECTIVELV 
EQUAL TO THE SURFACE OR SOLID EBDF, WHOSE ALTITUDE IS 
CI, THE LINE PASSING THROUGH THE CENTRE OF GRAVITY OF 
THE BASE, AND PARALLEL TO THE AXIS OF THE SOLID. 

I shall not demonstrate this geometricallv by measuring, but 
mechanically by weighing them. Suppose the periphery, or the 
l)ase, BD, to be divided into an infinite number of^ equal parts, 
by planes perpendicular to the horizon, and parallel to the axis 
of the solid, and to one another ; and imagine AD to be a lever, 
and let each particle be placed on AD where its plane cuts it; 
then, since the force of any particle to move the lever AD, is as 
that particle multiplied by its distance from A, (by Cor. 3. Prop. 
XIX.) therefore tne forces of the eaual particles at B, C, D, 
&c., will be as AB, AC, AD, &c., and the sum of all, as the sum 
of these lines. And, because C is the centre of gravity of all the 
particles ; therefore the sum of all, AB, AC, AD, &c. =z sum of as 
many times AC; that is, (because the parts of the base are given) 
= AC X base. But GB, IC, HD, &c., are as AB, AC, AD. 
Therefore all the GB's, IC's, HD's, See. = whole base x IC. 
That is, the whole surfkce or solid GBDH z: whole surface or 
solid BEFD. 

Cor.l, If a line, right or curve, or anxf plain figure, whether 
right-lined or cwrveUined, revolve about an axis in the plane of the 
figure ; the surface or solid generated, is respectively equal to the 
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e or wolid whose base is the line orjigure given, and height 
to the arch described by the centre of gravity, 

^. 1. PI. VIII.) Let BD<26be the figure generated. On 
ise BCD erect the surfieice or solid BDFE^ and let C be the 
{ of gravity.. Sinee the arches Bb, Cc, JXd, are as the radii, 
iQ, ADy that is, as BG, CI, DH : therefore, if CI = Cc, then 
U the lines BO, CI^ DH, &c. = all the arches Wf^CcyDd, 
diat is, the surfece or solid BDd^ zz BDHG, that is (by 
E>rop.) = BDFE. 

^ 2. Also, if a curve revolves about any right Une dnmm through 
line of gravity ; the surfaces generated {either by a partial or 
•evolution) on opposite sides of the line, mil be equal. 

r (by Cor. 2. Prop. XLTV.) each part of the curre multiplied 
• distance of its centre of gravity from this lincy must be 
on both sides. And, by Cor. 2., each surface genmted, 
lal to the carve multiplied by the arch described at that dis- 
; and these arches (being similar) are as these distances, 
ice, each sur£sice is as the curve multiplied by the distance of 
itre of gravity ; and, therefore, they are equal. 





SECTION SIXTH. 

OF THE CENTRES OF PERCUSSION. 
TION, AND GYRATION. 



PROP. LVI. {Fig. 2. PL \qil.) 

Let TBEBE be any system of bodies A, B,C, CONSIDBItED witb- 
rt AH AXIS PASSING THROVCR 



A X SA + B X SB + C X SC 
A X SA'+ B X SB'+ C X SC 



X SP X m. 



For, auppoae PS perpendicular to the axis at S, and to the lioe , 
of ditectioQ PQ. And SA, SB, SC, I>erpendicu1ar to the axis at 
S. And, suppose the force /" divided into the parts p, g, r, actii^ 
separatelyat P, tomoveA,'a, C. Than (byCor. a. Prop.Xlit.) 
the bodies A, B, C, will be apted on respectively nith the forces 
SP SP SP^ 
Sa'^' SB SC ■ 




.x^ 
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%iice the angular motion of the whole system is the same, the 
rdodties of A, B, C, are as SA, SB, SC ; and their motions as 
k X SA, B X SB, C X SC ; and these motions are as their ge- 
nerating forces^©, ^g, ?Fr. Whence ii, 7, r, are as ^^i?^'. 
^ SA*^' SB SC SP 

B X SB* C V SC 
-il_ — ^ — ± : ptt the sum of these = », and sincep -f 

Oi s X oi 

And ||^=-^JSjLS15^ = force acting at A. Then/: m : : 

/X a| aA . m X A X SA _ ^nti«n »f A. After the ilme 

BttnnSiLE!?^, ^ X C X SC^ ^ ^j^^ motion* of B and 

r $ 

C Therefore, the whole motion generated in the system is, 
AxSA-f B X SB 4-CxSC ^ ^ 

S 

Cor. 1. 7/yo.mdte SO - A X SA'+ B x SB' + C X SC 

AxSA+BxSB+CxSC, 
AaiifaU the bodies be placed in O, the motion generated in the »ys- 
km will be the same as before, as to the quantity/ of motion, or the 
tmcf all the absolute motions; but the angular velocity will be 
Hferent, 

For the motion generated in these two cases, wil l be 
AxSA + BxSB+CxSC ^ SP j^ ^.^ A+B+CxSO 
AxSA'+BxSB'+CxSC A+B+CxSC 

X SP X m; and if these be supposed to be equal, there comes 
oat SO = AxSA' + BxSfr + CxSC 
AxSA+BxSB+CxSC 

Cor. 2. The angular velocity of any system A, B, C, generated in 
B gnen time, Iw any force f, acting at P, perpendicular to PS, is as 
SPx/ 

Ik X SA» -f B X SB> + C X SC 

For the angular velocity of the wi^ole system is the same as 
)f one of the bodies A. But the absolute motion of A is ^ 

■ X A -^ SA^ ^ ^ absdute velocity of A cr ?JL5^ ; but 

$ t 

he angular velocity is as the abctolute velocity directiy, and the ra- 
lias or distuice redprocaUy ; therefore the angular vel.«f A,eBd, 



68 CENTRE OF OSCILLATION, kc. Sect. VI 

consequently, of the whole system, is as HLot ** ^ 

I A X SA», ltc.+ 

f ^ SP 

that is, (because m is as the force f,) as «^ ^ 

•^ AxSA> + Bx SB',&c 

Cor, 3. Hence, there will be the tame angular velocity eene- 
ratal in the system, and icith the tame force j at there wnud he 
in a sinfr/e body placed at P, and vuMte quantiiy of matter it 
A X SA' + B X S B' -f C X SC» 

SP 

For let P = that body, then (by Cor. 2.) since/ and SP are 
given, the angular velocities of the system and body P, will be 

to one another, as tn ^ - Whieb be- 

AxSA»+BxSB»,&c. PxSP* 

ing supposed equal, we shall have P— AxSA'-HBxSE'-HCxSC 

Cor. 4. The angular motion of any tyttem, generated hy a war 
form force, will be a motion unifomdy accelerated, 

PROP. LVII. {Fig. 3. P/. VIII.) 

To FIND THE CENTRE OF PERCUSSION OF A SYSTEM OF B0DIES| OR 
THE POINT, WHICH STRIKING AN IMMOVEABLE OBJECT, THE 
SYSTEM SHALL INCLINE TO NEITHER SIDE, BUT BEST AS IT WERE 
IN EQUILIBRIO. 

Through the centre of gravity G of the system, draw a plane 
perpendicular to the axis of motion in S. And if the bodies are 
not all situated in that plane, draw lines perpendicular to it from 
the bodies, and let A, B, C, be the places ot these bodies in the 
plane. Draw SGO, and let O be the centre ofpercussion. Dmw 
Af\ B^, Ch, perpendicular to SO, and had to SA, and make ad 
=:SA, and draw ea perpendicular, and de parallel to SO. Ibeii 
a A. will be the direction of A^s motion, as it revolves about S. 
And the system being stopt at O, the body A will urge the point 
a forward, with a force pi'oportional to its matter and velocity; 
that is, as A X SA or A X «rf. And the force wherewith A acts 
at a in direction ea, is A x e« or A x S/*. And the force of A to 
lum the system about O, is A x S/* x aO (by Cor. 3. Prop. 

XIX.) = A X S/* x"SO^=rsa =i A x Sf xSO -. A x SA\ 
Likewise, the forces of B and C to turn the system about O, is as 
BxS^ X >0^B X SB^ and C X SA xSO— CxSC. Andsince 
the forces on the contrary sides of () destroy one another, therefore A 
X S/X SO— A X SA«+ B X Sir x SO— B x SB^+C x SA x SO—C 

X SC =0. Therefore SO =^^J!L±^J^' + C_xSCV&c. 

A xS/4-BxSg+CxSA, &c. 
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fte diilMiot of Ihc centre of percossiony firom t^ aids of motion. 
M^here noC^ if any points/, ^^ A, fidl on the contrary side of 
& Ae eonespondent rectangles must be negative, — A x S^ — 
B X %, &c. 

Cor, 1. JfG he the centre of gravity of a system of bodies A, B, 
C, the dmioKe of the centre (f percuOhnfrom the ajris of motion, 
^k,SO -> A X SA' -h B X SB* -f C X SC*, &c. 

SG X A -f B + C,&c. 

For, by Pro p. XLIV., AxS/+B x;S^-»-CxSA=: 

A + B + C X SG. 

Cor. 2. I%e distance of the centre of peratssion from the centre 

ofgn,^ Cisco rr'^^'X^-^-ggLi^ ^^^'x^ 

SGxA + B-fC 



For, A X SA'+B X Sg-f C X SC»=i A x SG»-hGA»— 2SG x G / 

+Bx SG'+ GB«+ 2SG X Gg + C X SG' + CG*4-2SG x GA, by 
EncLn. 12 and 13. But, (by Cor. 2. Prop. XOV.) — Ax 
y+ BxG^-fC X GA=:0; therefore AxSA>+BxSB»+Cx 

• SC = A-hB-fCx SG«-h AxGA'-f BxGB' + C X GO. 

Whence (by Cor. 1.) SO or SG + G0= SG' x A + B 4£ 

SG X A + B+C 
^ AxGA* + B X OB' H- C X GO 

SG X A +B-f C 

Cor, 3. Hencey SG X GO = the given quantity 

AxGA»4-BxGB'4>C xG(? ^ ,,^,f^e, GO is reci^ 
A+B + C > '"y J > 

procalfyasSG. 

For each of the bodies A, B, C, and their distances from G, are 
giten. 

Cor, 4, Henee, alsOyifSG be given, GO vnllbe given alto. And, 
Aarfifre, ifthepiane of the motion remain the same, in respect to the 
hodieSy<md the distance SG remain the same, the distance of O from 
Gmilremainthe sameaho, 

Cor,5, The percussion or quantity of the stroke at O, by the motion 
efike ^ttemy u the same as it would be at G; stq^posing all the bodies 
placed m G^ and the angular velocity the same. For the sum of the 
motionsqfAy B,Cy in the system, acting against O, isasAx§AX 
SA p^^n^SB^^^p^SC AxSA'+BxSF-HCxSO 

SO so SO SO 

rsSGx A+B+C (by tlus Prop.) but SGx A+B+C, denotes the 



^^TOBTREO 
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•■I^A+B+C, actiiifi a)Kiiut G, or an ol^luclc placetl tieit. 



Cf'H- In a hady or i^teiinf^odirt^otriihling aboul a trtlnSk 
^V ha the tvlnritu t-f" (), thi etntn of prrciaion; tlit thoeki 
JMNfi^ 4/" fie ilmkf at am point P, asaimt n« obltrirk tiaU 
■ SO ^ 

^ X V X nencfthf imikt, it of the wkole nytttm, and, Ita* 
fort, wtxnprofaiiv at SP. F«r the vrl<hrily of\ fici^ ihmld%- 
SA, tto fumlUi/ o/taotion ii A X ^A. But, h/ I/k pmperly n/^ 
initr ASP, t(j ijuanlity of /notion ugaiiat P ii, A X SA X^ 

*?.^fB (i*r»-jn«f, (irmo*.«ni<./B.C.<i«iuu(P awSJl*? 
SP J . •-» J.- - 

S^^ Mr-rft,.^, (Ae %wn <>fnlL, er tht whoU slock tigai^ P.-j 

AxSM-Bx5>+Cxag_. ,^, .. „„^^ „ ,p_2; 
ikt rat htmggkm p m t liti a. Btl bt/ thii Ptap. AxSA»i-B,:^ . , 



Cor. 7. ^OT k linpeh piTfaidbJir''b, S6, Am Cff«iX|i| 
the hcu* of all tht ot»liti of ptramm. ,- . ^r - . 

For ibe direMkm of Ou in dM liBBOTj m^ AMrili^iUk 
thetBnedkingwbicbpawtoftlMliMOT'atdlMlM^ilaMMK V 

PROP. LVin. (F» 6. PtTUL), 7 **-. * . 

To FIKDTBE CZIrhn W^talliATION OF A SYSTEH OFBOBIBB,aB 
aVCS jt KHHT, IK WtflCH A BOtir BCtNG PLACED, WIIX VI< 
BBATB IH TEE flAMX' TtNl^ U< D WITH THE iA 
VELOCITT *B TBE WBOU BWy, 

Let the axil of motion b« at S, perpendicular to vhi^ ^ilH^a 
the plane in which the centre <rf graviiy G moTet; drew SOC 
and let O be the centre (rfMdUiliini drnw theharizontE^Une^, 
and from thu bodiet A, B, C, dnw An, BA, Cr, perpendioulv i| 
SO; and abo, Ae, Bn, C^ Qg, Or, pi^rpeniiicular ti " 

Puti= AxSA',+Bx3B'+CxSC^ Tht-n [by Cor. 2. PrO| 
LVI.) the angular yelocitj which A, B, C, i^nerate in the gy! 
1^ their weigb^u-Z?l?i*'^^ ^''iiS, and tlie wliole » 



lai velocit;^ generated by them all i 



-SexA+SnxB+SrfX C.^ 




A 
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likewise the angular Telocity which any particle p^ titnated in O, 

generates in the system> by its weight, is — . ^ — or 

p X SO^ S0% 

or — ^f^ , because of the similar triangle SgG, SrO. .^3Btat 

SO X SO 6 ^ > 

dimrTibrations, and every part of them, are performed alike; &ere- 
fore their angalar velocities must be every where equal ; "ttat is, 
-S^X AH-SnxB-h&^xC ^ Sg ^j,,„^ i,^ ^^^^ 

« SGxSU 

tioQ SO =^x ^-^ f But(byPron, 

SO — Sex A + Snx B + SrfxC_ ^' ^ 

XLIV.) — S€xA+SnxB+&;xC=SgxA+BH-C. Iheiefoie 
the distance of the centre of oscillation from the axis of motion, 

SO = t = AxSA»4-B x SB»+CxSCVfcc. 

SO X A+BTC SG X a + B 4" C, &c. 

^ AxSA»+BxSB»-hCxSC«,&c, Where AxSo, BxS^,&c. 
-AxSa + BxSA + CxSc,&c. ^ ^ '^' 

must be negative, when a, 6, &c. lie on the contrary side of S. 
And since all these quantities are the same at all elevations of the 
axis SO ; therefore the point O is rightly found ; and the system 
has such a point as is required. Likewise, it appears by Cor. !• 
of the last Prop, that the centre of oscillation is the same with the 
centre of percussion. 

Cor. 1. Ifp be amf particle of a boefy, d its distance from S, the 
axis of matum ; G, O, the centres of gravity and osciliatum; then 
the distance of the centre of oscillation of the hocbf,from the axis of 
motion, SO = sum of aU the p x dd 
^ SG X body 

Cor. 2. If the bodies A, B, C, be large^ and, therefore, the centre 
of oscilloHon of each, not in the centre of gravity; ki d, e,f, be 
the reqtective distances of their centres of gravity, andp,q, r, of 
their centres of oscillation, from S. Then will the distance of 
the centre of oscillation from S, the axis of motion, SO 1= 

dpA -k-egB xfrC _ dpA + eqB -f >C 

AxS«+BxSi-i-CxSc""sG X A -h B + C 

For let a, 6, c, be any particles in ^ B, C; and x, y, z^ 
their distances from S respJectively. Then, by this Prop. SO =: 
sum 4t%i+sum 30^6 + sum ^3;c g^jSumxxa _ ^^ ^^ ^^^ ^^ 

SG X A+B+C <^ 

-^udpK, and sum yy6 =: e6B, and sum esc =r /rC ; and SG X 

A+B+C =: SflXA+S6xB-f ScxC. 
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(W. 3. To find tfte centre qfotdUaticn qfttn irregular hodtf^ no- 
pvnd it at the fiiven pointy arid hang vp a iingle pendulttm qfsud a 
lengthy that makine them both viltratef they may Keep time tdgether. 
Then the length of this pendulum is equal to the distance of the cen- 
tre of suspension from the centre rf oscillation of the botfy. 

Cor. 4. What has been demonstrated by the last Prop, and Cor, 
1,2,3, 4, for the caitre ofpercuss'um holds equally true for the cenr 
tre of oxcillation. 

S( iioLivM. — I shall just take notice, that if the distance of the 
axis of suspension from the centre of gravity SG, be made equal 

to ^^-^'_X_:f^±i'«l_X_!L±-?^-P; the body will oscil- 

late in tlie least time possible. 

I n very small bodies, or any bodies oscillating at a great dis- 
tance from the axis of motion, the centre of oscillation or percus- 
sion is in or very near the centre of gravity. And the reason 
why the centre of oscillation or percussion is not always in 
the centre of gravity, is because the body in vibrating is 
made to turn about a centre. But, if it be so contrived as 
always to move parallel to itself, without any circular motion, the 
centres of gravity, of oscillation, and percussion will be the 
same. 

The dbtance of the centres of oscillation and percussion, from 
the axis of motion, as calculated by Cor. 1, is as follows. Where 
the axis of motion is at the vertex, and in the plane of the 
figure. 

1 . In a right line, small parallelogram, and cylinder, | the axis 
of the figure. 

2. In a triangle, f the axis -v 

3. In a plane of a circle, f the radius I I 

4. In the parabola, ^ the axis f nearly. 

5. Pyramid and cone, ^ axis 3 

6. In a sphere, r ^ radius, d := distance of the axis of motion 
from its centre. Then the distance of the centre of oscillation 

from the axis of motion, is d 4- . 

5d 

PROP. LIX. (JPi^. 5. PL VIII.) 

To FIND THE CENTRE OF GYRATION OF A SYSTEM OF BODIES, OB. 
SUCH A POINT O, AS THAT A GIVEN FORCE, ACTING AT A CEETAIN 
PLACE, WILL IN THE SAME TIME GENERATE THE SAME ANGU- 
LAR VELOCITY IN THE SYSTEM, ABOUT AN AXIS SR, AS IF THE 
WHOLE SYSTEM WAS PLACED IN O: 

Draw the plane PQS perpendicular to the axis of rotation Sp.; 



a 



iV 
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Slid lei SA, SB, S€, be die nearefit distances of the bodies A, B, 
Cyftom the axis SR; and let the force/ act at P, in directton PQ 
perpendicular to PS; then (by Cor. 2. Prop. LVI.) the anguv 
nr velocity generated in the system by the force fy will be as 

^ , and in the system placed in 

A X SA«+BxSB»+C xSC» ^ ^ 

SP X f 
O, it will be — ^ \ and if these velocities be made 

A-f B + C X SO* 

^.oi ^o.Wlh...SO«- AxSA'-f BxSB'-hCxSC ^^^ 

A+B-fC 

the distance of the centre of gjnration O from the axis of motion 

atS, that is ^n-./ AxSA»+BxSB»-hCxSG » 

' ^ A+B+C 

Ctw, 1. (Fig. 8. PI. VIII.) Ijtt b z; quantity of matter in (my 
body ABRCS, p any particle, d := ap, its distance from the axis of 
rotation SR : then the square of the distance of the centre of gyro- 

tim,from the at^is ofnuOian, that is, SO» ^^^ of oJ'l the 3^ 

b 

Cor. 2, (Fig. 5. PI. VIII.) If any part of the system be supposed 
to be placed in the centre of gyration of that particular part ; the 
centre of gyration of the whole system will continue the same as 
befifrC' 

For, by this Prop, the same degree of force which moved this 
part of the system before, along with the rest, will move it now 
without any alteration ; and, therefore, if each part of the system 
be collected into its proper centre of gyration, the centre of gyra- 
tion of the whole will continue the same. 

Cor. 3. (Fig. 5. PI. VIII ) If a circle'be described from G, the 
centre of gravity of the system ; and the axis of rotation be made to 
pass through aiiy point S, in its periphery ; the distance of the centre 
of gyration from that point will always be the same. 

For (by Cor. 6. Prop. XLIV.) the quantity Ax SA« + B x 
SB* + C X SC^ win be given. 

Cor» 4. I7i€ distance of the centre of gyration from the axis of 
motion, is a mean proportional between the distances of the centres of 
gravity arid percussion from that axis. 

It follows from this and the last Prop. 

Cor. 5. The momentum or quantity of motion of the whole sys- 
tem, acting against an obstade at O, the centre of gyration, is the 
same as if aU the bodies were placed in O, the angular veloeify re- 
maimng the same. . For the momenta or quantities of motion are as 
the forces. 



74 CENTRE OF OSCILLATION, &c. Sect VI. 

Stholium. — It is the same thing on whatever nde of the^ axis 
or rotation SR, the point O or centre of gyration be taken, fito- 
vid<^ it be at its proper distance. 

By a computation from Cor. 1. the distance of the centre of 
gyration from the axis of rotation, in the following bodiesi will 
be, 

1 . In a right line or small ofUnder (revolving about the Ad) 

SO = length X >/ir 

2. The plane of a circle, or cylinder , (revolving abont the axis) 
SO = radius X >/t. 

3. The periphery of a circle^ (about the diameter) SO ±: radius 

X >/ J. 

4. ihe plane of a circle^ (about the diameter) SO rr ^ radius. 
.'>. llie twrface of a q)here, (about the diameter) SO =; radius 

X >/!l. 

6. A globe f (revolving about the diameter) SO '= radius x !• 

7. In a cone, (about the axis) SO = radius x i^^. 

If the periphery of a circle revolve about an axis in the centre, 
perpendicular to its plane, it is the same thing as if all ihe matter 
was collected into any one point in that periphery. And the 
plane of a circle of double the matter of this periphery, and the 
same diameter, will, in an equal time, acquire the same angular 
velocity. 

If the matter of any gyrating body were actually to be placed 
in its centre of gyration, it ought either to be disposed of in the 
circumference of a circle, whose radius is SO, or else into two 
points O, diametrically opposite, equal and equi-distant from S. 
For, by this means, the centre of motion S, will be in the centre 
of gravity ; and the body will revolve vnthout any lateral force to- 
wards any side. 

PROP. Lx. (Fig. 7. PL vnr.) 

If £F be ant body at rest in free space, G its cehtbe of 
gravity, the points s, o, one the centre of suspension, 
the other of percussion ; and, if a kovino body b strike 
directly against the point o, the motion generated in 
the body £f by the stroke shall be such, that in the 
time that the body makes one revolution about its cen- 
tre of gravity g, the centre of gravity will move for- 
ward a space, equal to the circumference of a circle, 
whose radius is sg. 

Let the body vibrate about the point S, and in a very small 
time, from the position SGO, come into the position Sgd, Now, 
the arches Gg, Orf, vnll be as the velocities of the points G, O, 
vibrating about S; therefore, whem it comes into the position 
SGO, if it were disengaged from the point S ; the centre of gra- 







SectVI. CEimtB OF OSCILLATION, &c. 75 

• 

jfity G/WooJd tliftaMKfe forward with the same velooity Gg; and 
4[e ha^t instead o£ r^voWipg about S, would Qof Cor. 1. Prop. 
XlIX.) revolve about G with the same angular motion as be- 
. fore. : Tbei'efore, if rGo be drawn parallel to Sgd, Gg will re- 
preseiifc the velocity of G, and Oo the vdocity of O about G. 
And, because Oo, Gg are very small similar arches, therefore 
i.lb^ir.iciroiimierences will be described in equal tinies; that is, in 
the time that O, or the body itself, makes one revolution about 
J^^ tbq foiny G will advance forward a space, equal to the cir- 
ciinwerence of a circle, whose radius is SG. 
'Now,, this is the motion acquired by revolving about S. 6ut 
(d^ "Prop. LVII.) if a body so revolving, strikes an immoveable ob- 
jiect at O, both the prpgressive and circular motion will be de- 
ulr'c^edy and the boay will be at rest It is evident, on the contrary, 
tnat if a moving body strike the body at rest in the point O, widi 
the sam^ force^ the same motion will be restored a^n; and is 
the same as above described. 

. .^ Cor- 1 . At the begimung of the motum, and, also, afler every re- 
jQcfyiofi f^the body, when the line SGO comes into its origiftal po- 
f^ifftf, so as to he perpendicular to the Une qf direction OB, the 
JP^i S.ioi//.ie at restjor a moment. 

■'^or^ini this position, it will be (by diis Prop.) as velocity of O 

about G : velocity of G : ; OG : GS. And, by composition, ve- 

•Voici^ O about G -f "^ocity, G that is absolute velocity, O : ab- 

•olnte velocity, G; :Og + GS or OS : GS. Therefore, sinoe the 

. «b0<4ote velocities of O and G are directly as their distances from 

^ S^ it foUows,that the point S is at rest. 

' Cor, 2. Let a body A = ^ x body EF ; and ifV be the ve- 

SO 
lodty wldch the body A would receive by the direct stroke of ^\ then 
1 say, the absolute velocity of the body EF {or of its centre qfgra- 

vify G,) which it receives by B impinging at O, will be — V. 

»tJ 

For let p be any particle of the body EF, and Sp its dis- 
tance from S. Then, (by Cor. 3. Prop. LVI.) if a body rr 
sum of all the Sp> x p y^ j^^^ -^ q -^ ^^ ^^^^^^ -j^^ ^n. 

S0» ^ 

gular velocity, by the stroke, about S at rest, as the bodv EF 
when struck in 6. But (by Cor. 1. Prop. LVIII.) sum Sjr x p 

== SO X SG X body EF ; whence the body SOxSGxbodyEF 

SO* 
or A^ placed in O, receives the same angular veloci^ about S, 
as the pQint O of the body EF. But velocity of O or A : velocity 
G : : SO ; SG. For, at the beginniAg of the motion, S is at rest, 
by Cor. 1. 
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Cor. 3. The vtlocUtf l<nt in B by the ttroke, will be ^^ x 

body B 

^'J V. 
SO 

For the sum of the motions of all the bodies, after the stroke, is 
the same as the motion of B before it, by Prop. X. 

Scholium. — ^The point S is, by some, called the tpontanema 
centre of rotation; because the body (or system of bodies) at tike 
beginning of the motion, moves, as it were, of its own aoooid, 
or without any compulsion, about the centre S at rest. 

PROP. LXI. {Fig, 9. PL VIII.) 

Let D£ ^ any body, C its centre of gravity, and if from 
the centre c, the circle bfs be described, and if about 
bfs as an axis, a cord asbfs, be wound, and the end 
fixed at a ; and if o be the centre of oscillation, in 
respect to the centre of suspension s, then if the 
body descend by a rotation round the axis bfs, by un- 
WINDING THE CORD ASBF, &C.; then, I say, the SPACE DE- 
SCENDED BY THE WHIRLING BODY DE, IS TO THE SPACE DE- 
SCENDED IN THE SAME TIME BY A BODY FALLING FREELY, AS 
SC TO SO. 

Tlirough the point of contact S and the centre of gravity C, 
draw the horizontal line SCO. Then (by Prop. LVIII.) the an- 
gular velocity of the body about the point of suspension S, at the 
beginning of the motion, will be the same as if the whole body 
was placed in O. But, if a body was placed in O, its velocity 
generated at the beginning, will be the same as of a body fal- 
ling freely. Therefore, drawing Sco infinitely near SCO, and the 
small arches Oo, Cc, then the velo. ity of O, is to the velocity of 
the centre of gravity C, as Oo to Cc, or as SO to SC; that is, the 
velocity generated by a body falling freely, is to the velocity of 
the descending body DE, as SO to SC. Now, since the points 
S and O are always in the horizontal line SCO, and the radius 
SC is given, and likewise (by Cor. 4. Prop. LVII.) the distance 
CO ; tlierefore, the velocities of O and C in any times will al- 
ways be as SO to SC ; that is, the velocity of a body descending 
freely, is to the velocity of the whirling body DE, always in the 
ratio of SO to SC ; and, therefore, (by Prop. VI.) the spaces de- 
scribed are in the same ratio. 

Cor, 1 . ITie weight of' the body DE, is to the tension of the cord 
AS, as SO to CO. 

For, let the body be supported at. O, then since B is the centre 
of gravity, therefore (by Cor. Prop. L,, and Cor. 5. Prop. XIX.) 
the weight DE is to the pressure at S, as SO to CO. Now, if the 
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^ be let go, the force acting at O will generate a motion 
S, whilst the pressure at S, and, consequently, the tension 
I cord, is neither increased nor decreased, but remains the 
Eui before. 

'. 2. If a circular body, as BFS, runs down an inclined plane, 
the thread ASB unfolds ; or, if a round body roll down an in- 
plane, and, hf its friction, be hindered from slidine, the mace 
r^es in any time, is to the space described by a oikfy sluUng 
freely without friction, as SC to SO. 

' the forces that generate their motions are both decreased, 
! same ratio, that is, as the absolute gravity to the relative 
yupon the plane ; therefore, the spaces described will remain 
same ratio of SC to SO. And in the rolling body, the frio- 
iqiplies die place of the cord, the same as if it h^ teedi. 

\ 3. Thi$ motion^ the body DE by rotation, is a motion uni- 
f Wteeierated ; and the tension ofttie cord is always the same, 
r^ tte vaMe de$cent. 

lOLiuM.— (J%. 10. PL Vm.) Let W =: weight of a body, 
pace described by a body falling freely. Then the spaces 
ibed by rotation or whirling, in the following bodies, as 
in the same time, are, 

In the circumference of a circle, SBF, or surface of a cylin- 

pace =: ^ S ; tension of the string =: ^ W. 

ui the circumference of a circle^ SBF, Mrithout weight, 

he weight be in the centre C ; space ^ S, tension of the 

;r= 0. 

In the plane of circle SBF, or a cylinder, space =3 | S| and 

nsion of the string AS zz k W. 

In the surface of a sphere SBF, space = | S, and the ten- 

>f the string AS = | W. 

In a sphere SBF, space = f S, and tension of the thread 

W. 





SECTION SEVENTH. 

THE QUANTITY AND DIRECTION OF THE 
PRESSURE OF BEAMS OF TIMBER, BY ANY 
WEIGHTS, AND THE FORCES NECESSARY TO 
SUSTAIN THEM. 



PEOP. LXII. (.Fig.i. PI. IX.) 

3RTED *T C AND I 

,ND. And ir G bi 



B BH TO CB, AND BF DBAWN ; I 



If the beam support any weight, tbe beam and weight m 
consideKd as one body, whose centre of gravity it O. 



cj - ; /' 
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tiie end C is supported \rj die plane BCE; and (by Cor. 3. Prop. 
Un.) the other end B may oe sopposed to be sustained by a 
plane perpendicular to Br ; theremre (bj Cor. 1. Prop. lUI.) 
the wpight and'forces at C and B^ are, respectively, as FH, BH, 
and BF. 

Cor, 1. ¥n>ixm F^ iowffdi % then BQ is the ^in^n of the 
pressure ctB; and ike pressures atB in Srectioni BQ^ FD, DB, 
•vosF^FDyDB. 

Car^i. Brmo Dr perpenHealar to BC, and draw CD. Then 
ike ut^lfiSf prAnare ai the t<^y direct pressure at bottom, and hori- 
unia^lStmsre at kfttomj are, respeUinelyy as CBy BD,^ D€, and 

Dr. .*r^V 

Fo iiiite t fariingUa 6CF, BDF are ri^t ; a cird9^6cribed 
upon jM SfaMW eter B]^ will pass through C, D. Therefore /. 
BC£?S3BRi^^>^Miing on the same arch BD. And because the 
L GBSrfJMlKMIaft Alt 1^ art li^t^BHF = CBD ; therefore 
tbe triangles JpHB and CBD are similar, and the figure BHDF 
similar to the fiffure, DBrC, whence FH : BH : BF : BD : : are 
as CD : BD : DC : and Jh-, 

Cor. 3. AU this holds true for amf force instead ofgravityy acting 
m direction GD. 

PROF. LXra. {Fig. 2. PL IX.) 
If'BO Kb jair veau, beaeihg akt weight, G the cevtrb of 

GRAVITY OF THE WHOLE; AND IF IT LEAN AGAINST THE PER- 
PENDICULAR WALL CA, AND BE SUPPORTED IN THAT POSITION, 
DRAW BA, CF PARALLEL, AND FGD PERPENDICULAR TO THE 
HORIZON, AND DRAW FB ; THEN 

THE WHOLE WEIGHT \ FD 

PRESSURE AT THE TOP C f BD 

THRUST OR PRESSURE AT THE BOTTOM i FB, AND IN THE 
B ARE, RESPECTIVELY, AS ^ SAME DIRECTIONS. 

^iSft ^e end C is sustained by the plane AC ; and if the end B 
he/stfpposed to be sustained by a plane perpendicular ^o FB; 
dif^ (oyCor. 1. Prop. LIU.) the weight, and pressure at top and 
bottom, are as DF, DB, FB. If you suppose the end B is not 
sustained by a plane perpendiealar to FB, the body will not be 
supported at all, by Cfor. 2. Prop. LUI. 

C^ t'if FS h produced to Q, then BQ if the direction of the 
pressure oif B ; and the perpendicular pressure at B (FD) is equal to 
lAf moisfitrimd tk^ honmrdd pressu r e at B (BD), As • eqml io^the 
p^Umrr 0gamgk£f^ • . 



i 
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PROP, iutnr.i ^t.'tLi3L) 

If a mATt BiAi^iNt oitx 1 A wmar, miwmmtmm^ 

C»,Ain>innr«4BXjiAaoin C; wmOTSMMMHiMr 

B LIES UPON TEX WAU. ij AVD IF HOF Bl .MUlM !; 

THROUGH mx CKirrmx or umA^nrr O, nmnanrnvLUk ft 
THE vo&t»»9 AVD BP» GH ] vMeutJA «6 «^ ivft GF 
BEDRAWir; ntur ■ - '. ' '^ 

THX W80LB WBIOBT \ HF "^'^ 

PRJttSVBSATB fHC 

MACS 40X1110 AT Cp \CBt .-., •. i' 

Forjbe end B is siutaiiMd by » plane CB» and (fav Cor. 1 
Prop. IXL) tlie end C maj be i ipMed tr Irn nuitauwd hf i 

•ince HC ii jpatallelto BF^ the 1 L <wo» at C» WfiUBajt ft 
are, i*>gMttii«ly, as HF, GF,. hxs,, bf (kf^ tp nif^l^L, « i 

Cor. Buti/^M^eadtffymgypomtl^mAtiimtt^diB,^^ 
B /aMi toxm the kms<mtalpUme A£L Him <lri^|«, Ifc MiMt 
o^ B flitrf C, ar^, feyerf i tj e Sf > «*BC,OC,awlB&$ aMl«»«U«te 
there ii no lateral pretiure. 

For BF wUl be perpeadkiilar lo BAj^wwitW to HF, and, 
consequently, CF is, also, parallel to fiF ; tfaerefofe (by Cor. 5. 
Prop XIX.) tiie ibices at C) G, B» ans as M^ BC| aM 06w 

•. " ■ . ' ■ . 

PROP. LXV. (Fig. 4.FLVLI 

If a heavt beak BC, whose centre of oravitt li 0, Jit sup- 
ported UPON TWO POSTS BAy CD ; and be MOVXABtt about 
th^ points, A^pfCfD; and ip AB, DC«j pbobuo^xebt 

IN ANT POINT H, OF THE LINE GF, QBAWN PkBP|ll)ilfdurAB. 
TO THE HORIZON ; AND IP, FROif ANT POINT F, IN AB^UirB 
OF, F£ BE DRAWN FAXALLBLTO AB; I 8AT^ ,., . y. . 

THE WHOLE WEIGHT \ HF . i-: r^, ' 

PRESStTRE At C f HE ' • -"^l 

THRUST OR PRESSURE AT B^iEF, ' \ . . ' 

AR£, RESPECTlt'ELT, AS ^ AND IN THESE tHk6CfiiMl0^ 

; . n /v r-: 
For the points A, B, C, D, being in a plane pemndkvlar ID 
the horizon, the body may Be supposed to be sapponed by two 
planes M B, C, perpendicular to AB»«ipC '' o^ ^f ^^ «Op«l Bi^ 
CH. And, in either case, the we^pht m diVectioii ifO> dMft f <#■ 
sure at B, C, in directions HB, HC, are as HF, EF, awd <»»«-. 



* 



a 
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Cor. Henee, wketktr a body be naiomed by two ropes BH, CH, 
<r iy two poOs AB, CD, or hy two planes perpendiadar to BA, 
CD; the body then can onfy be at resty when the plumb Hne HGF 
pmses through G^ the centre of' gravity of the whole weight sustained, 
(Vy which is the same thing, when AB/I)C intersect in the plumb 
Ume HGF passing through the centre of gravity. 

Scholium w — ^By the construction of these four last proposi- 
lioDty tkere is formed the triangle of pressure, representing 
iie several forces. In which, the Une rf gravity (or plumb line 
ftssing- through the centre of gravity) alvrays represents the 
disolute weight, and the other sides the corresponding pres- 
sures. 



PROP. LXVI. (f%. 5. PL IX.) 

b SEVERAL BEAMS AB, BG, CD, &C. BE JOINED TOGETHER AT 
B, C, D, &C., AND MOVEABLE ABOUT THE POINTS A, B, C, &C. 
BE PLACED IN A VERTICAL PLANE, THE POINTS A, F, BEING 
FIXED, AND THROUGH B, C, D, DRAWING n, Sm, tf, PERPENDI- 
CULAR TO THE HORIZON ; AND, IF SEVERAL WEIGHTS BE 
lAID ON THE ANGLES B, C, D, &C., SO THAT THE WEIGHT ON 

^ S.BCD rwr 

ANY ANGLE C MAY BE AS — — — 7-=-. THEN ALL 

S.wCB X S.W1CD 

' THE BEAMS WILL BE KEPT IN EQUILIBRIO BY THESE 

WEIGHTS. 

Produce DC to r. Then (by Cor. 2. Prop. VIII.) S. /. ABC : 

S.^ ABr : : weight B : force in direction-BC =^^^'^^; and 

S.ABC 

S.BCD : S.DC« :: weight : force in direction CBzz £^-?:5^; 

^ S.BCD 

witich, to preserve the equilibrium, must be equal to the force in 
direction BC, that is, B X S. ABr CjcSJDC; . 

^ S.ABC S.BCD ' 

• 'r-rrg — I ' — And, by the same way of reasoning, C ; D : : 

S.BCD . S.CDE ^ 

gj^ . ^ pD/ ' Therefore, ex equo, weight B : weight D : I 

_SABC S.CDE ,, S.ABC S.CDE 

SJ^Br X S.BCf • S.DC* X.S.ED^ • • S. ABj X S.CBi • S.CDp X S.E]5p 

Cor, 1. Produce CD, so that Dw may he equal to Qr, and draw 



foutnce in < 

cocine tlevatian • 
deniiMk CDi I 



>in direction CD ;: CB; | 
: ; cosine elevation of CD ; . 
cJeTation of CB ; ; 

ts are, reciprocally, i 



Cor. a. DrmcCp, Dm DOT""-' to DE,CB; Ihcn the wighlm^M 
C onrfD (i> pntenic will hr at Cm to Dp. All, I 

thertfbrt, if all thr w > , aad the iiotitkm nf t™ limM 

CD,DE;' (Act (Ac f-™..i(™« o, .il< ftr rat CB, BA.V 

For, let the Ibrce in directioD CD 
die force in direction DE, and Dm, i 
or tbe weight D, is the force compounded of DC, Qp ; and Cm or 
Ae weJBht C ia the force compounded of CD, Dw, by Cor *• 
Prop. VII. 

Cor. *. If the weighli lie nut on tie avgla B, C, D, &c. Id 
the places of their ccfUrei of grmiily be at g, h, k, I. And k! " 
k, k, If a/so expreu their irrifftls. ' ' ' '" "" 

AB* ^ B(; 1!., 

C, Ti,ke. wUlbe the waghtt h/mg yptm Ot 
Thii )■ evident bj Cor. 5. Prop. XIX. 

Cor.S Jf the wight* ¥>ere to acHmMHi,m Ike SntHam.wC, 
pD, &c. or, trSicA u tAc mm thkg, ^Oejipme A, B, C, D.' ^. 
via» ttrmed tai'uk down, imd tkt HHgiUi fMMM tie iM^ anrf Ai 
pointtA,Fbe&ttd at bpbrt: alTeU Mt^lM at B, C,D^ Ik. . 
and, ctmteqmntU/, Ike mkoUfym niB rww (b aMM- «* Min f ^ 
and tAdt, uAef Act tie iw« jtf>, BC, CD, fcc U/ankU of ■jfari 
Ab cordi or timbert. 

This vUI eaaily appear bj the demoiutratian trf the Pnp. 
For tbe ratio of ue mtcm at aay angle C, will be tbe mna, 
irtiethn tbeyact toward! tInpointC, or fiom it; by Pk^ Vn£ 



\,BA,'iic.wiUkl 



And take the iceighl 6 — 



that ia, it wiU be tka nine thing whether die wei^* at u^ 
an^ C, act* in diiectibs Cm or C«. And ai the Saita n' 



PRESSURE OP BEAMS. 



H.— (Ptf. a. Fl. IX.) If DABP be a semi-drcle, 

uDF; draw AG p«pendicular to DF ; then 

Jtht U kDT p' * - ■•-- -•■. 

will be, reciprocally, a 
of the arch BA. 

IjkewiM it follows from Cor.- 5. that if any co^b of equal 
lengllia be Mretcbed to the same degree of curvature, the stretch- 
ing, forces will be Mthe weights of the cords. 
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SECTION EIGHTH. 

THE STRENGTH OF BEAMS OF TIMBER IN ALL 
POSITIONS, AND THEIR STRESS BY ANY 
WEIGHTS ACTING UPON THEM, OR BY ANT 
FORCES APPLIED TO THEM. 



PROP. LXVII. (Fig. 7. PI. IX.) 



HE BBEtDTE 

Let BD be any beam, placed homontally, and fixed at the end 
BC. And let AFG be the perpendicuLar section. Divide the depth 
AF iDto an infinite number of equal parts at a, b, c, d, &c. whose 
number is AF or n ; through which, suppose lines drawn pa- 
rallel to FG. And let any force be applied at P itt direction 
DP, to break the beam at AF i then, since the strength of the 
timber is nothing but the force by which the parts of the timber 
at n, b, e, &c. cohere together; the breaking the timber is 
nothing but overcoming this fbrce, and separating; the parts 
M a, b, c. Suppose 1 ^ force of cohesion of any of the parts 
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iay ab, he, &c. and imagine QAa, QA6, QAc, &c. so many 

ended leyers whose fulcrum is at A ; and let us see what witl 

le the sum of all the forces applied at Q to break the timber 

i A. Now, (by Cor. 1. Prop. XIX) the power applied at Q to 

qual or overcome the resistances at A, a, b, c, &c. will be 

o A«, Ab Ac Ad « ^ . AF , , . 
_-, L, ,. — :^-, ^ — , &c. to — — - ; that is as 

a5^ aq' ^aq* a^ aq^ aq 

J_ JL, _!-, -1-, . . . JL- . Therefore, the eC 

AO^ ^^ ^i^ ^AQ" ^aQ 

ect of all the forces applied to Q, or the whole strength of the 

^^ A, *T1 be AQ — 'W' *"' 

s, because AQ ^ gireo, as nn or AF'. Now, if the breadth FG 
36 increased in any proportion, it is evident the strength of 
arery past. Aft, ab, &c., will be increased in the same pro- 
^rtion, and, therefore, Ihe absolute lateral strength wili be as 
AE» X FG. 

Cor, 1 . In square timber, the lateral, strength is as tite cube qf the 
kreadth or depth. 

Cor, 2. Andy m general, the lateral strength of any pieces qftintr 
her^ whose sections are similar figures, are as the cubes qf the sijf^r 
odes qf ibe sections. 

Cor. 3. And in am/ pieces qf timber, whose sections are such figures 
that the correspondent ordinates, parallel to the horizon, are propor- 
tionaly the strengths are as the breadths and squares of the depths, 
or as the sections multiplied by the depths. 

Cor. 4. (Fig, 1. P/. XI.) Tlie strength of cylindrical pieces, dr. 
of any similar pieces of timber, being forced or twisted round the 
ojUs, will also be as t/te cubes qfthe diameters. 

For, let AD zz r, circumference of the section DEFG =: e, 

Apr: J-, then the circumference jjyr = — , and if the cohesion 

r 

of a particle at;) be = 1 ; then the force applied at Q to over- 
come it, will be _f_: and the force applied at Q to overcome 

AQ 
the cohesion of all the parts, in the circumference ;i9r, will be 

-JL-X -fi-, or — f — X tx ; and the total force at Q to oveiv 

AQ r rxAQ 

come the cohesion of all the particles in the whole section DEFG 

i8=_J^ X sum of all the xj: = _ ? — Xl'H-2'x3'+4« . . . 

rxAQ rxAQ 
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c _ r* 



to r" = • — _ -- X Therefore, because AQ is gma, and 

tlie ratio — , and this force is the strength of the beam; therefere 

Uie strength is as r* or AD*. 

Scholium. {Fig. 7. P/. IX.) — What is here said oftiniber 
is true of any homogeneous bodies, whatever sort of matter they are 
of. But the absolute stren{(th of any beam, lever, rope, fcc. nben 
drawn in direction of its length, i» ill be as the section of it. For 
every part does in this case bear an equal stretch, and the sum of 
all tlie parts is equal to the whole, and that is as the section. 

PROP. LXVni. (Fig. 8. PL IX.) 
The lateral strength of a tube or hollow cake AB, to 

THAT OF A SOLID ONE CD, IS AS THE SECTION OF THE TUBE(U- 
CLUDI NO THE HOLLOW,) TO THE SECTION OF THE SOLID CAVK, 
AND THE WHOLE DIAMETER OF THE TUBE TO THE DIAMETEA OF 
THE SOLID CANE, NTARLY. 

For, (by Cor. 2. of the last Prop.) the strength of the adwi 
cylinder BE is AF', and the strength of the inner solid cylinder, 
whose fulcrum is at G, is EG», and whose fulcrum isatF, is 
gr eater than E G*, and less than EF», and is nearly EG-4>|G^' 
-. AF— JAE"*, that is AF»— |AF«xAE nearly. Therefore, 
the strength of tlie tube AFIGE, is the difference of the strengdi 
of these cylinders, that is, AF»— AF»HhSAF«x AE or |AF«x3b. 
Likewise the strength of the solid cylinder DCH, is CH*. lliere- 
fore the strength of the tube FB : strength of the cylinder HD 
::i AF«xAE :CH». Bu t the section of the tube isas AF » 

EG« or AF«— AF — 2AE« = 4AF X AE nearly. Whence, 
strength of the tube FB : strength of the cylinder HD :: }AFx 
AE : CHxCH" :: 4AFxAFxUAF : CH*xCH :: sectionof 
the tube x l| its diameter : section of the cylinder x its diame- 
ter : : section tube x diameter : section cylinder x diaineter, 
nearly. 

Otherwite, 

Let the area of the ring AEGF be disposed into another ring, 
whose diameter is less than AF; then, smce every partide of it 
acts at a less distance from the fulcrum F, its strength will be less 
in proportion ; that is, its strength will be as the diameter of 
the ring. And when the ring is so &r diminished as to become 
an entire circle, the proportion of their strength will not differ far 

* WardTa ttUth. Guide, Put V. Lein. 3. 
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fim th9 pn^Qrik>n,of their diameters. Let the diameter of that 
circle be R : then, strength of the ring or tube : strength of an 
equal cifcle :: AF ; R. And the strength of R : to that of CH 
::R*^:GH». Therefore, ex equo, strength of the tube BF: 
strength of the cylinder HD :: AFxR» : RxCU'r'.AFxR* : 
CH-xCH*:: AFx area ring : CH x area of the circle CH. 

Ok*. Hence, the strength of different tubes are as their sections, 
ai^diameterSf nearfy. 

1*ROP. LXIX. (Fig. 1. PL X.) 

If akt fokc£ be applied laterally to a lever or beam, the 
stress upon any place is directly as the force and its 
distance from that place. 

For^ suppose PAF to be a bended Idver; it is evident the 
greatArtbe power at P, the greater force is applied at F to sepa- 
rate the parts of the wood. Also, the greater the distance AP, 
the greater power has any given force applied at P, to overcome 
the cohesion of the wood at F. And, therefore, the whole stress 
depends on both. 

Cbr. 1. ^ig. 2. PI. 10.) If two equal weights lie upon the middle 
(ffwq hernns, or vpon any other similar places, the stress in- these 
jkmj&uaU lie as the lengths of the beams. 

^ir^ifC^bethe middle point, then A bears half the weight; 
thfsgj^Oythe stress at C is as ACx^ weight. And, because half 
tbe wtight, or the force acting at A is given; therefore, the stress 
is tt- A£! or half AB, and, therefore, as AB. And if C be in 
anjp other similar situation in both beams, the same thing will 
foMow- ' 

Cor.^, if two beams bear two weights proportional to- their 
kng^ss, and in a like situmtiony the stress upon each will be as the 
Ujjmure of its kiigth. 

Cor. 3. And if two beams bear tiifo weights reciprocal^ as their 
Imgikgy in a similar situation, the stress where the weights lie, is 
equid in hath, ' 

PROP. LXX. iFig. 3. PL X.) 
Lex AB be ajiy beaic of aoiven length, supported at A and 

B, AND any GIV£N WEIGHT EITHER SUSPENDED AT ANY POINT 

Cjoii Equally diffused through the whole length of 

THk.B£AMAB; I SAY, in . either CAS^THE STRESS OF THE 
BSAM, IN C, JS AS TEHB RECTANGLE AC X CB. 

■^- .'•■■*■ ■ Case I. 
• Let the given weight be represented b}' the given lengdi of the 
lever AB. Then (by Cor. 5. Prop. XIX.) the weight at A, and 
the re-action equal thereto, vrill be CB. And, by the last Prop., 

h 
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the stress at C vriXX be as the force acting at A X distance AC, 
that is, AC x CB. 

€▲&£ II. 

Let AB be diyided into an infinite number n of equal parts, 
each = 1 . Then, as AB representi the vhole weight, 1 will be 
the weight supported upon 1 part of the beam, let it rest at p; 

^hen -^=: its pressure on B. Therefore, (by the last Prop.) the 

stress at p is ^fS.; and the stress at C is ^^^^^, arising 
AB AB 

from the weight at p. Consequently, the stress at C arising 

from the sum of all the weights between A and C, will be 

"^ AD X BC ; that is, (because AC is the number 

AB 

AC*X BC 
of them) 1^^ — . And, by a like reasoning, the stress at C, 

arising from the whole weight between B and C, will be 

PR* V AC 

_i . . Consequently, the whole stress at C is 

2AB ^ ^ 

AC«xBC+CB«xAC-.AC-|-CB ^^P X CB=: ^^X^^ 
2AB 2AB 2 

Cor, 1. The greatest stress of a beam is in the middle; the weight 
being either suspended there, or equally disposed over the whole 
length of the beam. 

Cor, 2. The stress of the beam at any point p^by a weight ap^ 
plied to any other point Cy is asApx CB. 

For, ACxCB is the stress at C, and (by Prop, last) ApXCB 
will be the stress at p. 

Cor, 3. The stress of the beam at any point C, by a weight sus» 
pended t/tere, is double the stress of the beam at the same point 
C, by the same weight pressing uniformly on all parts of the 

beam. 

For, by Case I., the stress at C is ACx CB; and, by Case II., the 

stress at C is ^^^^^ ^ 

2 

Cor, 4. The stress of a beam at any point C, by a weight sus* 
pended t/iere, is double to the stress at C, when the same weigfit ii 
uniformly dispersed on all the parts of AC. 

Cor. 5, If a weight press eqtuUly on all tlie parts ofpC, the stress^ 
at C, by that pressure, is to the stress at C, when suspended at C \l 
as Ap-^-AC to 2AC. 

For (by Cor. 2.) the stress at C, by the weight 1 lying at p, is 



a 
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Aj>xC£y and at C» is ACx CB. Therefore, the wlnde stress at 
C, by the whole weight on all the points of ^^ is the sum of 

^ItheAp X CB =r Ap + Ap-fT"-f AH^2. . . AC : xCB=: 

-?i X pC X CB. But the stress of the whole weight at C, is 

Ai) 4- AC 
AC X CB X pC, and the former is to the latter as -^-- 

to AC. 

Cbr. 6. If a weight pren eqtudly on all the parti of Ap, the stress 
(tl any point C by that weighty is to the stress at C if suspended 
there :: as Ap to 2AC. 

For the stress at C by all the weight on Ap, is -f 1 + 2 . . . 
ApxCB = -II X CB. And the stress by the weight Ap at C is 

ACxCBxAp. 

Cor, 7. The stress at p, by a weight at C, is equal to tlie stress at 
C, by the same weight at p. 

PROP. LXXI. (Fig. 4. PL X.) 

If CD BE A PKOMINENT BEAM, FIXED HORIZONTALLY AT THE END 
C, AS IN A WALL ; AND IF A WEIGHT PROPORTIONAL TO THE 
LENGTH OF THE BEAM, BE DISPERSED UNIFORMLY ON ALL THE 
PARTS OF THE BEAM; THE STRESS AT ANY POINT F, WILL BE AS 
DF% THE SQUARE OF THE DISTANCE FROM THE EXTREMITY. 

For, let FD be diTided into an infinite number of equal parts 
itp, y, r, 5, &c., and let each be n: 1, and sustain the weight 1. ; 
then (by Prop. LXIX.) the stress at F, by the weights at F,p, q, r, 
&c., will be 1 X 0, 1 X Fp, 1 X F^, &c. or as 0, 1, 2, 3, &c., respec- 
tively : therefore, the whole stress atC will beO-Hl-f2-|-3... 

2 

Cor, 1. Hence f the stress at Fy by any weight suspended at D, 
loitf be double the stress at the same point F, when the same weight 
presses uniformly on all the parts between F and D. 

For, (by Prop. LXIX.) the stress at F by the weight DF, is 
DFxDF, or FD% . 

Cor, 2. Tite stress at the end BC, by the weight P, is the same as 
the stress upon the middle of a beam of twice the length DC, with 
twice the weight P laid on its middle, this beam being supported at 
hoth ends. 

For the stress now at C, is the same as if DC was continued 
to the same length beyond C, -and a weight equal to P sus- 
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pended at the end; and tiien die lUcntm C win be acted oa with 
twice the weight P. A»d<tfiii4t*i>Wiiie m if the beam was 
twmed -appide 4ow«, 9nd.tmm.iibB.nmitflLlf'\l^^ 

PBOF. LXXn. (J%«m S,mi(iJ^3iS .V! ' 
If thkab bb two bsahb svAimiirG a •S4>p% AUB'SEasnroTwo 

WEI0BT9 UPOV niBMy BITBBA IV TBB UnVlMt'QI§rtM>^ ABT 
GIVEV 8ITUATIOB, OB EQUALLY DIFTimBB ttVBB ^mP^WtolE 
LENGTH OF TBB BEAMS ; THE mm WOir f«B«i«nKWr DI- 
BECTLT Aft VHBWBIOHTSy ABB TBB UUIDOTBi^ AUD^i^^ ^WnrXS 
OF ELEVATION. .. .... .M^-m-VrfL 

. For ^ Cor. 1. Fkop. XXXI.) te we%ht ieiHii ilMjppwidic 
upon the plane, as radius to te cosuie.of elafaftieiRiKJISlMfeM^ 
the pressvie is as eosme elefation xweigtat : and tfda/aCJugiifte 
acting against the beam. Thenfetet (by IVop. UiVIIIi)|(^ 
stress win be as its length and this force; tfant is^ia m^fmifk, 
the weighty and cosine elcTation. • : i '.' »Mo • r r m - 

Cor.l. IftheweigkUmidhHgikcfaekmmit^itk$fmmi,tke 
strets vfiU be oi the ea$me qftki m Mf md^ ^ m^i ^%, ^kibktt wlat 
it Uet koriMontid* - 'i.«V\=*. »> 

Car. 2. ffihe beam Ue honsmaal,or at WwbI Wj^iyfisL 
andthew^htUoithekngth^ihrnihetlrmUM 
length. 

Cor. S. (Fk. S.¥L X.) Jlfthe wekhU m ejmL'm-'O^^ 
zofUaibem JA, Mdthe m&edimeAC,mi4X '^^ 

toAB; tkmtlieitresiwmbeepudtfimboSi *' 

For^tbe leiu[th x cosine -deration is the same ia^iody or A*^ 

cosine ^ = B X radhis« ,\ ,. '. .,. .,,^ '' ,.; • 

Cor.A^ But if the weighn mthemtme beamht-mMek^jla^ 
then the itress mil alto be as their lengtht^ AB ami AC. ' :a. * 

Cor. 5. rFig. 8. PL X.) And,wd$enaify, the umt^^^ am 
paint (^ Jofrnp heam^ ita$ the reOmigle^the mgmeMMMm 
vfOifhi^ a^ totme moHn a ii o m Atethfjmd the'lerngmr'^me Mb' 
rectproealfy. ... }.<»». 

Fev, in the horiaonlal beam AB,if'^ weight !i¥ 1itfiiiidlrC| 

the pressure at A wiU be 25. xJW. And (B^ Piw^ |Mi)'- 

this pressure or force, x distance AQ will be as die stcesslJilCi ■ 

ACvCB "^^ 

thatis, ry ^X W is as (be stress at C. And if theWmvfie 

a slope, the stress (by Cor. 1. Brop^ X^CXI.) will ^en '^* & 
prcffiortion to to ^osbe f*ei!attotfi^ ^" " -, V JT^ ' ' 
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PROP. LXXm. ' Z ' " 

IP ANY BEAM 6F TIMB^ft BE TO SUPPORT ANY WEIGHT, OB. PRESSURE, 
OR FORCE, ACTING LATERALLY UPON IT, THE BREADTH MtTLtl- 
PLIED BY THE SQUARE OF THE DEPTH, OR IN SIMILAR SECTIONS, 
THE CUBE OF THE DIAMETER^ IN EVERY PLACE, OUGHT TO BE 
PBOPORTIONAp TO THE LENGTH MULTIPLIED BY THE WEIGHT 
OR FORCE ACTING ON IT, OR AS THE STRESS IN THAT PLACE. 
A»D THE SAME IS TRUE OF SEVERAL DIFFERENT PIECES OF 
TIMBER COMPARED TOGETHER. 

For «very several piece of timber, as well as every part of the 
same timber or beam, ought to have its strength proportioned to 
the^ weight, force, or pressure it is to sustain. And, therefore, the 
$t9tiength\o\i^ to be universally as the stress upon it. Bui (by 
Prop.LXVII.) the strength is as the breadth x square of the 
dept^. iVhd (by Prop. LXIX.) the stress is as the weight or force 
X by the distance it acts at. And, therefore, these must be in 
an invariable ratio. 

Cor. 1. (Fig. 8. PI. X.) I/AEB he a prominent beam fixed at 
the e^d A^tmd sustaining a weight ai the other end B. And if 
the sections in aU places he similar figures, and CD be tfie diamejtertn 
am/ place C, then CB will be every where as CD*. And if ACB 
be a right line, EDB will be a cubic parabola. Therefore | of such 
a beam may he cut away without any diminution of the strength. 

But if the beam be bounded by two parallel planes, 
to the horizon, then CB will be as CD', aud then EDb wHl be the 
common parabola. Whence, a third part of a beam may he thus cut 
away. 

Cor. 2. (Fig. 8. PI. X.) But if a weight press uniformly on 
every part of AB, and the sections in all points at C, be similar ; then 
BC« will be every where as CD*, and EDB a semircubical para- 
bola. 

But if the beam (Fig. 7. PI. X.) he hounded by paraikl planes^, per' 
pendicutar to the horizon, then BC wUl he as CD, and EDB a nght 
line, Here half a beam may be cut away without losing any strength. 

Cor. 3. (Fig. 10. PI. X.) If AB be a beam supported at both 
ends, and if it bear a rveight in any veaidUe point C, or umfomdy 
on all t/ie parts of it; and if all the sections be similar figures, and 
CD be the diameter in that place C : then will CD* be every where 
as AC X CB. 

&U if it be bounded by two parallel planes, perpendicular to the 
harisumythen will CD« be every where as AC x CB, and, therefore, 
the curve ADB is ar^ ellipsis, si^posing Afi a right line. 

Cor. 4. (Fie. 11. PI. X.) But ifaM)eight be placed at any fiven 
point P, and aU sections are similar figures, and tf CD he anu diame- 
ter^ thenwiU BC he as CD*, and AQ and BQ are two cubic para- 
bolas. 
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For let AD,a^ Cf%- 3- PI- 'il) lie two iquares, and lei 
then first b« only lupported 'at ends AB, CD, and nf>, cd. 

Then, bj tbn Piwp., (nDM ines» is gifen) AB : AC )( 

weight Ml AD ; : at ; ac x « n od, and weight on AD ; 

weiahtonarf;; — :^,1 : * = —, tTierefore, weigtl 
, AC « AC oc ^ ir 

on AD = weight on ad, when dte | iiPs are only supported bt 
AB, Ctt and oft, ol And, fcr the ime reason, Oie weights will 
be ftqna), when oittf mpptoiM b^ 3 sideii AC, BD, and oc, U- 
And, conaequently, Ae wei^t* wil I illbe equal, whe ' ' ' 
mre mpporMd by lU temt ndes. iti %i hitfa case, 
will be sniiparted i md Iba < Is equally 1 

figure*. For, 

Let AD, ad, (%. 3. PI XI.) tw two boIlAw 
inscribed tquetes ABCD, nicrf; ihe^e squares are s 
the four sides AB, BD, DC, C \, and ab, bd, de, ca, 
nui^ of the plates; tbenfarc, ilie neighla wilt be ., 
t>ro'ed befbie. . And that the continuity of the platel 
lappott the wei(^ti in bodi dictes ie plain, because (lie 
of both Mgments AB, ab, are equal, ilie lengili being 
breadth. 

Cor. 6. Hence the teeighl aiguartplaUvUlbe^ ; 
To the wdght vihich a btrqfthe lame matter and MMm'wiO Uar'.l 
As twice tte.latgthqftlie bar ; .■.■■' 

ToiUbreatUh. '-. ■ 

, And B circular plate ia but ve^ litlje neakai. .....,.-. 

ScHUJVH.' — All theM thian appear from the fortgcigs tilhp^ 
sitions; bnt it is bare lappoMd, that the timber it homgncoai 
and of die same goodneas; odierwiM a proper aUowaoca miiM ^ 
made ftrthe defect. And what is here said of piecM of ^nbat, 
holds equally true of any other wlid bodies, such as piecM ottat^ 
tal, stone, (cc. And if piecea of timber or metal be cntintoAf 
figures menti(Kied in the foregoing corollaries, all the parti wm 
bedisposed'tobrottk together. Asd if a spring uto be loadl^ 
its sha{i)a,ougl(ttobe,Ba in Cor.l^aad then eyery; pan will btar 
a streu pKq^ortioDal to ^ atni^tfa. -><•.',.. 
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PROP. LXXIV. (Fig 9. PL X.) 
If a weight A be supported upon the end of a crooked 

PIECE OF TIMBER ABD, AND, FROM THE ENDS, A LINE AB BE 
DRAWN PERPENDICULAR TO THE HORIZON, AND FROM THE AN- 
GLE B, THE LINE BC PERPENDICULAR TO AD ; THE STRESS AT 
B WILL BE AS THE PERPENDICULAR BC. 

For, as the weight A acts not Id direction A 6, but in direction 
AD, therefore, it is the same as if it were applied at the point C ; 
but a force applied at C, has a greater power to break the timber 
at B, in proportion as the lever BC is longer. This force there- 
fore-, or the stress at B, is as BC. 

Cor, 1. (Fig. 4. PI. XI.) Hence, if any two forces acting from 
or against one another^ at the ends A,Y, of any crooked beam 
ABDEF, and keep one another in equilibrio ; and the line AF, or 
the direction of the forces beins drawn, the stress at any point is as 
the perpendicular upon AF. So the stress at b is be; at B, BC, at 
D, DI ; at £, EK ; andat G and H, nothing. 

Cor, 2. Hence, oho, that the strength in any part b, may be pro- 
portional to the stress there, the breadth multiplied by the square of 
the depth, must be as the perpendicular be, reckoning that the depth, 
which is in the plane passing through AF. 

PROP. LXXV. iFigures 5 and 6. PL XI.) 
Having the length AB and weight W, of a cylinder of 

PRISM, that can just SUPPORT THE WEIGHT P AT THE END, 
TO FIND THE LENGTH OF ANOTHER BEAM FG, SIMILAR TO THE 
FORMER, AND OF THE SAME MATTER, THAT WILL JUST BREAK 
WITH ITS OWN WEIGHT, OR ONLY SUPPORT ITSELF. 

Since the weights of similar solids of the same matter are 

FG« 

as the cubes of the lengths, it will be, AB» : W : : FG* 1 --— 

o 7 ' • • AB« 

Wz= the weight of the beam GH. Then, by Cor, 2. Prop. LXVIL 
the strength of the beam AB is AC»; and of FG, is FH». And 

by Prop. LXIX. the stress at A is iW-f-P x AB. And the stress 

FG' 
at F — rv^— W X FG. And since the beams are both supposed 
2AB» '^'^ 

to break with these weights, therefore the strength must be as the 

FG* 

stress; thatis i W + PxAB : 2AB*^ Ct^C' : FH»)::AB» : 

FG*xW . 

FG«. Whence ~ FG»X AB X JW -f-P. OrFG 



X W=: ABXW+ 2P. Whence W : W + 2P ;; AB ; FG, 

the length required. 



I 
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0>r. 1. Ife\y = P. Then FG = AB Xl-|-2c. 

Cor, 2. Hence, there is one and only one beam, that wUljust break 
bif Us own weight, or just sustain itself. 

Cor. 3. The same Prop, will likewise hold good, in regard to two 
hrams supported at both ends and breaking in the middlt^'by Cor, 3. 
Prop. L\X. 

Cor. 4. Jfthe beam FG break by its own weight, a beam of twite 
(lie length ofYG, and supporting at both ends, will also break by iti 
own weight ; or if one sustain itself, the other will. 

For the stress is the same in both of them, by Cor. 3^ Prop. 
LXX. and Cor. 1 . Prop. LXXI. each of them being equal to the 
stress of a beam, twice the length of FG, and suspended in the 
middle. 

PROP. LXXVI. (Figures 7 and 8. PL XI.) 

Ir ANY WKIOHT BE LAID ON THE BEAM AB, AS AT C, OR ANT 
FORCE APPLIED TO IT AT C ; THE BEAM WILL BE BENT THROL'GH 
A SPACE CD PROPORTIONAL TO THE WEIGHT OR FORCE APPLIED 

AT C. And the resistance of the beam will be as the 

SPACE IT IS BENT THROUGH NEARLY. 

In order to find the law of resistance of beams of timber, or 
such like bodies, against any weights laid upon them, or strain- 
ing them, I took a piece of wood planed square, and support- 
ing it at both ends A, B, I laid, successively, on the middle of it, 
at C, 1, 2, 3, 4. 5, 6, 7, and 8 pounds; and I found the 
middle point C to descend through the spaces 1, 2, 3, 4, 5, 6, 
7, and 8, respectively. And, repeating the same experiment 
with the weights 3, 6, 9 pounds, they all descended through 
spaces, either accurately, or very nearly as the numbers 1, 2, 3. I 
tried tlie same thing with springs of metal, and found the space 
through. which they were bent, proportional to the weight sus- 
pended. I also tried several experiments of this kind wifli wires, 
hairs, and other elastic flexible bodies, by hanging weights 
at them ; and I found that the increase of their lengths, by 
stretching, was, in each of them, proportional to the weights 
hung at them ; except when they were going to break, and 
then the increase was something greater. It may be observed, 
that none of these bodies regained their first figure, when the 
weights were taken off, except well tempered springs ; so that 
there are no natural bodies perfectly elastic. And even springs 
are observed by experience to grow weaker by often bending ; 
and, by remaining some time unbent, will recover part of their 
strength ; and are something stronger in cold than in hot w^ath^r. 
But, at any time a spring, and all flexible bodies observe ifiis law, 
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that they have the least resistance when least bent^ and in all 
cases are bent through spaces nearly, proportional to the weights 
or forces applied. And, therefore^ I think this law b sufficiently 
established, that the resistance, any of &ese bodies makes, is pro- 
portional to the space through which it is bent, or that it exerts a 
force proportional to the distance it is stretched to. 

The knowledge of this property of springy bodies is of great 

use in mechanics, for, by this means, a spring may be contrived 

^1 to poll at all times wi&i equal strength, as in the fusee of a 

watdi; or it may be made to draw in any proportion of streiD^^th 

required. 

The action of a spring may be compared to the lifting Vfp a 
diain of weights, lying upon a plane, or to the lifting a cylinder of 
timber oot of the water endways. 

PROP. LXX\- n. {Fig. 9. PL XI.) 

To FIKD THE LATERAL STRENGTH OF ANY BEAM OF TIMBER, 
WVOSB TRANSVERSE SECTION IS ANT FIGURE WHATSOEVER. 

Let ERG be the section of the beam in the place where it 
breaks. Draw the ordinates IN, in, infinitely near each other, 
and parallel to the base RG. 

Ptrf ER = rf EI = J 

RG =: 6 m = v 

IN=y 

Tke absolute strength of one fibre of the wood in 1 . 

When the beam breaks, it is done by the separation of l)ie 
parts of the wood at £. Therefore, QRE must be esteemed a 
oended lever, whose fulcrum is at R. When the beam breaks, 
the fibres at E are stretched to their full strength, but tftiose 
nearer R are less stretched, and exert less force or resistance in 
proportion to their -distance firom R (by the last Prop.); and, 

therefore, the resistance of the fibre at I :z iL ; and the resiat- 

d 

ance of all the fibres in the parallelogram In, := !Lx In; md 

d 
die jjower of all the fibres in the parallelogram, in regard to the 

bradaam IR,- is sr -_ x Iw. And the sum of. sdl the powers 

in the whole section n sum of all the ^ ^ j,!^ 

d 

l4Xg9 P9l^tJHti^0tuaceoiihe centre of graviiy and percus- 
sion froi}Q^ JBifir, as the axis of motion. 
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Then (l»7 Cor. 1.Pro|^LVIL) ^ianior«ll fStmimxU^& 
X ttmofidldieliisg^ X MolioB £RO. Aad tii» nm of 

aUthe ^x I»'^ ^ X ••etion EBO. Iliadbri^ te ttlwgth 
cfthel»«natE,U=ffix..«k«BBO- 

Cir. 1. (Rg 10. PL XI.) IfAarv I* toto BO ss £# M 

aU ihtfibru of the wood hemg tuppotei to fa niiketnimb, mi 

acting therewith their fiMilriigtk; tkeir total M^rtmgA 0i O, Mi 
be equal to the etreagtSk of the kSem, ^ H^ metiem.W£k 

For, foppooe O to be toch ft fKniit; then ih^*'^!tnag^ U tbe 
beam, or ^X section ERG = BO x lection ERG; and BO 

d' ... 

•■ • 

Cor. 2. Ifthetection be a paraUek^grtm, g s: y, md p^z H 
tlurefore RO = J^ 

In adrcle whde diameter i$ VBy|r =: (d^ jp =: id» flntf ttO=: 
tV^ s: ^ ftearfyf aim the p mralkhgr a m . 

In the periphery of a arde {the bmm being aMkm coik) g:z\ 
andp zz id, whence RO ^ii:zz yl nean^i oiin Ae 
gram. 

In a triangle whote bate it itf £ parallel to the horimm, and 
texatR;gzz^andpzzid,aminB^z::yL AudUimrei^ 
=z|c{ X area of the triangle. 

Cor, 2. (Fig. 1. F1.XL) The itrengthrftK^Bmkr whim Hmied, 
wrested, or wnmg round itt am, ii epud to the lateral ttnmgj l k afM 
triangular beam whose height = radmt, bate := ciramtfire»ee^f^ 
cylirukr; and vertex of the triangle at D, 

For^ let AD zz r, circiimference D£FG := i^ Ap ^ IV moon- 

ferenoejp^ =: ^. The reatstance of a filwtat D is 1» ftndadtii 

r 

is = — , and the reffbtanoe of all the fibrts in per is S-i^ — 4 juid 
r . . rr 




the resistance of all the fibres in pqt^ in regard to the 

Ap IS == X v; and th6 total power of all the fibies in iki 



rr 



whole section DEFG is =.i.x snm of all &e v' s J. ^ 1«7 4; 

rr rr 



2*4-3* 4>4*. . ,to r* = -Ix — ; therefore, the stiength is ±-^ 

rr A ■-•':4;* 
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cr 
And in the tiiangley tiie area being -;-■, and d^r, the strength 

= ir X — rr-^l!r_, the same as for the twisted cylinder. 
2 4 

Scholium. — This Cor. 2. does not agree so well with timber 
as metaly for the texture of wood is not the same in length as 
breadth. For all wood is composed of long slender tubular ii- 
bresy joined together by a glutinous matter, which is easily 
separated ; and, therefore, wood is much more easily split than 
broken. 

PROP.LXXVin. (F^.ll. P/. XI.) 
Given th£ weight that will break a beam laterally, to 

FIND how much will BREAK IT WHEN DRAWN IN DIRECTION 
OF ITS LENGTH. 

l£t DR he the beam. 

Put I = its length DE, 

W := weight applied at D, that can break it at E, 

d = d^th ER, 

g zr distance of the centre of gravity of the section ERG 
from Ry 

p rzi distance of the centre of percussion of ERG^owi RG, 

Then — W zz weight that will break it when drawn in direction 

SP 
of its length. 

But if the beam be supported at both ends, and the weight breaks 
it in the middle, g and p must be measured from the upper side, and 
take I for half its lengthy Yf for half the weight that breaks it. 

For, by Cor. 1. of the last Prop, if RO =: ^ then all the 

d 
fibres of the beam acting at O, will be equal to the strength of the 
beam ; and since W, appUed at D, can break it in eidier case, 
therefore, by the nature of the lever, it will be, / x W zi RO x 

absolute strength = ^ x absolute strength; therefore, the ab- 

d 

WW 
solute strength := , or the weight that can break it, when 

gP 
drawn in length. 

Cor, Hence, if there be taken RL zr ^ , then the weight which 

d 
hems applied at L, will just break the beam horizontaUy, the same 
wilt just pull it asunder, when applied lengthwise. 
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tor, then / s:^ iiidweightW = i«iiiiaiice«t6=ssti«iig^ 

d ^ .. // 

of the whole beam. •'; 



.Therpfore, if a pieceoloak^an.inAaqiuuRi, mdlt loot kng, 
mipported at both ends, bean 315 lb.'bmn! it bitiiE%'<l( will 
bear, when drawn in length, 2835 lb. or 1 too, 5 Jttnindfid 
stones, 7 pounds ; that is, above a ton and a qoaftpr. ^^^^ , ^ 

ScHOuruM^— Here we all along 8i»m^ (hat iStm^MbMA^^ 
remains fixed; but if it should yaiy oy the df«t|ng i||<«€.die 
parts ai'SLj it will cause a litde variation in the a tr eDg th , and 
make the beam stmething weaker, hteially. .An4^4<Kt itikill 
Yield a little this way, is evident from experiments; for.Ae 
hardest bodies, sneh as ^ass in small threads, mdj be fijyoed 
in length) and, oooaeqaendj, Isay be ^ont r adtod ty • epatiaiy 
force ; and balls of glass or wood, let M upon a ha^^ bodhr, 
will rebound ; which they cannot do without tU iibiami it'M'Oe 
parts. .... : i 

PROP. LXXIX. (JRjg. 1«. TL XL) '• ^ ^ " 
If a weight B£ laid upon thb straight "JiaAV A&^mrF- 

X>RihSD' AT both EKDS, ITS BEVDIKG 6%^' Cl^^r^WSi MhL 
BE NEARLY AS THE WEIGHT AND LENGTH DIHacHfKT)i AND 
AS THE BUEADTH AND CUBE OW THE DBFTB BSGIPm>C4U^4 

It is found (by Prop. LXXVI.) that if several wej^ta^Wlliid 
successivrf^ upon a horizontal beam AB, die space GlTO^ wiagli 
which the point D descends, will be as the wjgfat it liMlkBJi'*Haw, 
the parts at e,/, which are contiguous, at the beffmnipg of t)M de- 
scent, are gradually separated; till, at last, me beam Mi^. 
At whidi time, when it can bear no 'more^ the liOAriAv'^iiiii^ 
distance ef is 9l given quantity. If CD be suppos^^rl&y nu^ 
the CI), is as the corvatuie at D, and this cwmHw^^h^Htm 

infinitely' ttaall angle ^eD^ that ia, ay ^ ari4 Wheti Pt^'^i^^tftfi^' ^ 



Let L be the length of any beam, h its breadth, >I>f ita' 
then (by Pr<^ LXXIII.) its strength, or the wei^-it (witti _ 

at *^. Uerefore, put *J^ for the p^j;^^,^^ 

, . • . . .;■..., «-jio^,*'ot jii* nioiH ■ . 

-I7- for the curvature when breaking ; W for^ any oiher wMj}^ 
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nd C the correspondent curvature, and it will be as ^^^ 

^ • • w • r — 
•6^ ••''•''- FxDT- 

Car, 1 . Tke quantity of deflexion CD of any beam it as the weight 
nd cube &fthe length directly y and the breadth arid cube of the depth 
e^iproeJly. 

For when CD is very small, ADB is very near a circle, or 
learer a parabola ; suppose it a circle, and let its radius be E, 

hen 2R X CD = AD* or J LL : therefore ^^ = JL , whence 

LL 8R 

d? is as the curvature C, that is, as ^^ or CD is as 
LL bxW** 

WL* 
.,..... ^^ .M . And if ACB, the original position of the beam, is not 

\ right line> yet CD will still be of the same quantity. 

Cor, 2. In similar homogenous straight .bodies the curvature is as 
^he weight directly, and cube of the depth reciprocally ; but the de- 
iexian CD is as the weight directly, and depth reciprocally. 

I 

Cor, 3. In similar bodies bending from a straight line by their 
T^n weight, the cwvatwe is given, and the deflexion is as the square 
^ the depth. 

Cor. 4. In the utmost strength of beams, or their breaking posi" 
tion, the curvature is reciprocally as the depth, and the deflexion 
as' the square of the length directly, and depth reciprocally, 

Por then > X D/« is as LW. 

Cor. 5. Wluat is said of straight beams is equally true of any 
(eons, in regard to the increase or variation of curvature, and to the 
^^jffection from their original position, 

' SicHOLiUM. — ^What is said of beams of timber in this section, is 
equally applicable to any solid bodies, acted on in a like manner 
as by weights. There are some bodies in which a very little 
bending may have a great effect, as in the glasses of large tele- 
scopes. For (by Cor. 3. of the last Prop.) the deflexion from their 
true figure, arising from their own weight, is as the square of the 
diiuDdeter, when &e glasses are similar. And though tfads* be in- 
sensible in small glasses^ it may produce some sensible error in 
large ones; and the same may happen to them in grinding!, by loo 
ifaach'plressure. 

From the ibregoing propositions it follows, that if a certain 
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bt abit lo tnaiMMrt; t ghwi tiiidii^nodMrlMMi^ 
of the niiM tiiiibery liiiiilir to die iwiMr, Hw be lafeM 
as to be able but just to bear ki own welpit; ud nj 
beam cannot aapport itael^ but miifl bieak-bf iJi om i 
and any leat beam will bear aomethiag ttote. For die etwiigfli 
being as the cube of ihe-depth^ aadteitraaibeiBf aiilMpiiMv 
and lengthy is as the fourth pQf«f«roCthe4ftp&; KfajMntta 
stress increases in a greater ratio thin Ae sti eig d L. .'^flMisaJl 
follows, diat a beam maj be taken so hug^ (hat thtt stnss mn 
hx exceed the strengdi. And that of all mdlar beiOMtiMn u 
but one thai wiU support itself aikd tooddii||[ VMore; lAMMif 
any beam can bear ten times its tMm- itmifbt^Tao «tihfer s&Mhr 
beam will do the same. And the like holds m all m a diin e ij and 
in all animal bodies. And henwL there Is a ewlahs Bmjt^ hi f» 
gard to magnitude, not only in all madbines and artiftcial iliiie* 
tures, but auo in natural ones, which nolher art oor ttam «aa 
go bejond, supposing them made of tiir wne natlsr, aad iff ttt 
same proportion of parts. *-' ■.*.''' 

Hence, it is impossible Aat mechanie engines caabfc iaa i e as e d 
to any bigness. For when diey arrive at a aaKienlat ii%'.1iisir 
several parts will break and fiaV*sunde^ by Aeir w e igl i g ^' ike il he i 
can any buildings of test bi|pMSs be madto to atnd^lMf itaJMfdl 




vast sise at pleasure, or any such thing as giants^ or merii Of Mo** 
digious stature; except scnae sort of matter can be foana to 
make the bones of, which is so mtodi harder and stroiiger*ftmi 
any hitherto known ; or else that the proportiatt^of the 'j^uto M 
so much altered, and the bones and mu^dtos made lhiciEer,iii ^fit^ 
portion, which vnll make the animal distorted and ^ a mttitH M a^ 
figure, and not capable of performing any- proper vatioi^ . Apd 
being made similar, and of common mattei^ .diey win not W ablik 
to sland or move, but, being burdened by Ifaiiir own weij^'iAiMft' ' 
fell down. .,T , ; 

Thus, it is impossible that dieio oan be any antmil^obif-asyto ' ' 
carry a castle upon his back, or any man so strong a9 to.nMM«% 
a mountain, or trail up a Urge oak by the rootss' natot#'^iill a44( 
admit of these tnings ; whence it is impossible there oan bt ariMN!*' ' 
of any sort beyond a determinate bigness^ .;> ' 

Fish may, indeed, be produced to a larger size than land - aM^ *' 
mals, because their weight is rsupported by the water; -bat^yifll^*^ 
they cannot be increased to immensity, liecause the intmalrfifjl^^ - 
will press upon one another by their weight, and destroy teir 
fabric. . ■ :'*r:h . 



On the contrary, when the sise of animals is diminishedir^lML 
strength is not diminished in &e same proportion as the wei|^ 







to 
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lerefoie, a small animal will carry &r more than its own 
whilst a great one cannot carry so much as its weight, 
ence it is, that small animals are more active^ will run 
[amp £mher, or perform any motion quicker^ for their 

than large animals ; for the less the animal the greater 
>portion of the strength to the stress. And nature seems 
w no bounds as to the smallness of animals, at least in re- 

their weight. 

ler can any two unequal and similar machines resist any 
e alike, or in the same proportion ; but the greater will 
e hurt than the less. And the same is true of animals, 
^ animals, by falling, break their bones, whilst lesser ones 
higher receive no damage. Thus, a cat may &11 two or 
Ards high and be no worse, and an ant from the top of a 

likewise impossible, in the nature of things, that there 
any trees of immense bigness ; if there were any sudi, 
mbs, boughs, and branches, must break and fall^down 
r great weight. Thus, it is impossible there can be an 
quarter of a mile high ; such a tree cannot grow or stand, 

limbs will drop off by their weight And hence, like* 
isser plants can better sustain themselves than large ones 

aer could a tree of an ordinary size be able to stand if it 
Doposed of the same tender matter that some plants, con^ 
nor such a plant if it were much bigger than common, 
lat plants made of such tender matter may better support 
Ives, nature has made the trunks and branches of many 
n hollow, b} which means they are both lighter and 

propositions before laid down concerning the strength 
ess of timber, &c., are also of excellent use in several con- 
»f life, and particularly in architecture; and upon these 
lies a great many problems may be resolvea relating 
due proportion of strength in several bodi^, according 
r particular positions and weights they are to bear, some 
h. I shall briefly enumerate. 

piece of timber is to be holed with a mortise hole, the 
vill be stronger when it is taken out of the middle, than if 
iken out of either side. And in a beam supported at both 
t is stronger when the hole is taken out of the upper side 
le under one, provided a piece of wood is driven hard in 
ip the hole. 

piece is to be spliced upon the end of a beam to be sup- 
at both ends, it will be stronger when spliced on the und!er 
a beam^ than on the upper. side. But if the beam is sup- 
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ported only at one end, to bear a weight on the other, it is 
stronger when sphced on the upper side. 

When a small lever, &c., is nailed to a body to remove it or 
suspend it by, the strain is greater upon the naU nearest the hand 
or point where the power is applied. 

If a beam is su])ported at ooth ends, and the two ends reach 
over the props, ana be fixed down immoveable, it will bear twice 
as much weiglit as when the ends only lie loose or free upon die 
supporters. 

If a slender cylinder is to be supported by two pieces, the dis- 
tance of the pins ought to be t'^V^ parts of the leng^ of die cy- 
linder, that is I its length, the pins equi-distant from its ends, 
and then the cylinder will endure the least bending or strain by 
its weights. 

By tlic foregoing principles it also follows, that a beam fixed 
at one end, {Fi/r. 13. PL A I.) and bearing a weight at the other, 
if it be cut in the form of a wedge, and placed, with its parallel 
sides, parallel to Uic horizon, it will be equally strong every where, 
and no sooner break in one place than another. 

If a beam has all its sides cut into the form of a concave para- 
bola, {Fig. 14. PL XI.) whose vertex is at the end, and biase a 
square, a circle, or any regular polygon, such a beam fixed hori- 
zontal at one end, is equally strong throughout for supporting its 
own weight. 

By the same principles, if a wall faces the wind, and if the 
section df it be a right angled triangle, or the foreside be perpen- 
dicular to the horizon, and the backside terminated by a sloping 
plane, intersecting the other plane in the top of the wall, such a 
wall will be equally strong in all its parts to resist the wind, if 
the parts of the wall cohere strongly together ; but if it be built 
of loose materials, it is better to be convex on the backside in 
form of a parabola. 

If a wall is to support a bank of earth, or any fluid body, it 
ought to be built concave in form of a semi-cubical parabola, 
whose vertex is at top of the wall ; this is, when the parts of the 
wall stick well together ; but if the parts be loose, then a right 
line or sloping plane ought to be its figure. Such walls will be 
equally strong tnroughout. 

All spires of churches in the form of cones or pyramids, are 
equally strong in all parts to resist the wind ; but when the parts 
cohere not together, parabolic conoids are equally strong through- 
out. 

Likewise, if there be a pillar erected in form of the logarithmic 
curve, the assymptote being the axis, it cannot be crushed to 
pieces in one part sooner than in another by its ovrn weighty 
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And if sodi a pillar be turned upside down, and entpended at the 
ihiidk end in the air, it will be no sooner pulled astinder in one 
part than anodier by its own weight. Aiid the case is die same 
tf the small end be cat oflf^ and, instead of it, a cylinder be added, 
^bose height is half the subtangent. 

Lastly, let AE {J^ig* 15. PI. XI.) be a beam in form of a tri- 
aoBQlar prism, and if AD ^z i AB, and AI :z ^ AC, and the part 
ADIF be cut away parallel to the base, the remaining beam 
DI^IEF will bear a greater weight P, than the whole ABCEG, 
or the part will be stronger than the whole, which is a paradox 
itt mecnanics. 

And upon the same principles, an infinite number of questions 
of Uke kind may be resolved, which are curious enough, and of 
groat nse in the common afiairs of life. 

All I shall here add, is the Strength of several sorts of timber, 
and other bodies, as I have collected from experiments. 

In the first edition of this book I had inserted the strengths 
of some sorts of wood, such as I had made experiments upon ; 
in all which, I gave the least weight which the worst of them was 
just able to bear; lest any body, computing the strength of a 
beam, should overcharge it with too much weight. And, since 
that time, I have made a great many more experiments, not only 
upon many different sorts of wood, but severau other bodies, the 
result of which I shall here set down. A piece of good oak, an 
inch square, and a yard long, supported at both ends, will bear 
in the middle, for a very little time, about 330 pounds averd, 
but will break with more than that weight. This is at a medium; 
for there are some pieces that will carry something more, and 
others not so much : but such a piece of wood should not in 
practice be trusted, for any length of time, with above a third or a 
Wrth part of that weight. For, since this is the extreme weight 
which die best wood will bear, that of a worse sort must hresk 
with it. For, I have found by experience, that there is a 
great deal of difference in strength, m different pieces of die 
veiy same tree ; some pieces I have found would not bear half 
the weight that others would do. The wood of the boughs 
and bramdies is fiir weaker than that of the body ; the wood of 
the great limbs is stronger than that of the small, ones, and the 
wood in the heart of a sound tree is strongest of all. I have 
also found by experience, that a piece of timber, which has 
borne a great wei^ for a small time, has broke with a hi less 
weight, when left upon it for a far longer time. Wood is like- 
wise weaker when it is green, and strongest when thoroughly 
dried, and shoula be two or three years old at least. If wood ' 
happens to be sappy it will be w^er upon that account, and 
will likewise decay sooner. Knots in wood weaken it very much, 
and this often causes it to break where a knot is. Also, when 
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wood is cross-grained, as it often happens in sawing; this wil 
weaken it more or less, according as it runs more or less croB 
the grain. And, I haye found by experience, diat tough woo 
cross the ffrain, such as elm or ash, is 7, 8, or 10 times weafci 
than straight; and wood that easily splits, such as fir, is 16, 1^ 
or 20 times weaker. And for commoa use it is hardly posaib! 
to find wood but it must be subject to.spme of these thing^. B 
sides, when timber lies long in a building, it is apt to decay or 1 
worm eaten, which must needs very much impair its strengt 
From all which it appears, that a large allowance ought to 1 
made for the strength of wood when applied to any use, esp 
cially where it is designed to continue for a long time. 

The proportion of the strength of several sorts of wood, ai 
other bodies that I have tried, will appear in the following tabli 

Box, yew, plumtree, oak. . . . .* 11 

Elm, ash 8J 

Walnut, thorn 7^ 

Red fir, holly, elder; plane } ^ 

Crab-tree, apple-tree i 

Beech, cherry-tree, hazle 6| 

Alder, asp, birch, white fir > ^ 

Willow or saugh 5 

Iron 107 

Brass 50 

Bone 2^ 

Lead 6^ 

Fine free-stone 1 

In this table I have put several sorts of wood into one cla 
together, which I found to be pretty near of the same strengi 
as I found sometimes one sort to exceed in strength and som 
times anotyter, there being a great difference even in the sai 
sort of wood ; and I do not doubt but other people that sh 
make experiments, will find them as difierent ana various as 
have done, and perhaps quite difierent from mine, just accordi 
to the goodness or badness of -the wood they use. But I ha 
contented myself to set down what I found firom my own < 
perience, as the result of a great many trials, without any regs 
to what other people have done or may do. What I shall fiirtl 
add, is this ; 

A cylindric rod of good clean fir, of an inch circumferen* 
drawn in length, will bear at its extremity, 400 lb. and a spear 
fir 2 inches diameter, will bear about 7 ton, but not more. 

A rod of good iron of an inch circumference, will bear neai 
ton weight. 

A good hempen rope of an inch circumference, vnll b< 
1000 lb. being at its extremity. 
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AU this supposes these bodies to be sound aud good through- 
oot ; but none of these should be put to bear more than a third 
or a fourth part of the weight, especially for any length of time. 

From what has been said, if a spear of fir or a rope, or a spear 
of iron otd inches diameter, was to lift \ the extreme weight, 

The fir would bear Q\dd hundred weight. 
The rope 22 dd hundred weight. 
The iron G^ dd ton wdght. 





SECTION NINTH. 

THE PROPERTIES OF FLUIDS, THE PRINCIPLES 
OF HYDROSTATICS, HYDRAULICS, AND PNEU- 

MATICS. 



PROP. LXXX. {Fig. I. Pi. Kll.) 
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If a force act at a in direction ab, that motion can be directed 
uo further than these particles lie in a r^ht line as to e. But 
the particle c will urge the particles rf,/ obliquely, by -which ihal 
motion is conveyed toe, g. And these particles «, g, will uige 
the particles n, p, and r, s obliquely, which lie nearest them. 
Therefore the pressure, as soon as it is propagated to particles 
that lie out of right lines, begins to deflect towards one side and 
the other ; and that pressure being farther continued, will deflect 
into other oblique directions, and so on. Therefore, the pressure 
and motion is prop^ated obliquely ad infinitum, and will, there- 
fore, be propagated in all directions. 
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Pig. 2. PI. XII.) If any part of a pretsure propagate 
'.fluid, be stopped by an obstacle, the remamingpart wul de- 
the spaces bihina the obstacle. Thus, if a wave proceeds 
md a part goes through the hole A, it expands itself, and 
ew wave beyond the hole, which moves forward in a semi^ 
fse centre is the hole, 

f part of a fluid pressing against the next is equally re- 
by the next, and that by the next to it, and so on ; from 
buows a lateral pressure (equal to the direct pressure) 
»laoes behind the obstacle. 

PROP. LXXXI. {Fig. 3. PL XH.) 

CAS OVLT BE AT REST WHEN ITS SURFACE IS PLACED I If 
A HORIZONTAL SITUATION. 

t ABCD be a vessel of water or any fluid ; and let AB 
:l to the horizon. Suppose the surfeu^ of the liquor to 
position F£. Then, because tbe parts of the fluid are 
»¥9able among themselves; therefore (by Ax. 7.) the 
rts at £ will, by their gravity, continually descend to 
' places at F. Also the greater pressure under £ and 
under F, will cause the parts at £ to descend, and 
F to ascend. And thus the higher parts of the fluid 
sending, and spreading themselves over the lower P^rts 
dk are at the same time ascending $ the surface of the 
at last be reduced to a horizontad position AB. But 
led in this position, since there is no part higher than 
iiere is no tendency in any one part to descend, more 
other ; and, therefore, the fluid will rest in an horizon- 
n. 

(Fig. 4. PI. XII.) If the fluid does not gravitate inpa- 
, but towards a fixed point or centre C; then the fluid can 
rest when its surface takes the form of a sp/ierical surface 
; centre is C. 

ny parts of the surface of the fluid A or B, were for- 
C than the rest, they would continually flow down to 

nearer 0, towards which their weights 'are directed ; 

they would be all equi-distant from it. 

Any fluid being disturbed, wUl of itself return to the same 
wiiontal position, 

(Fi|. 5. PI. XU.) Hence, also, if a different fluid AB£F 
'Mfluid ABCD; both the surface VE, and the surface 
mdes them, will lie in a level or horizontal situatitm, when 
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For, if any part of the sur&ce AB be higher than the re 
will descend to the same level ; and since F£ is also level, 
therefore, Uie heights AF, BE in every place equal ; the prei 
of it on all the parts of the horizontal surfoce .^B, vnW be e 
And, therefore, it cannot descend in one place more than 
ther, but will continue level. 

Cor» 4. Hence, water communicating with tioo places, or amj 
conveyed from one place to another, will rise to the . same hi 
both places ; except so far as it is hindered by the Jriction Oj 
channel it moves tnrougk, or^ perhaps, some very small degree of 
city or cohesion, 

PROP. LXXXir. (1%. 6. P/. XII.) 

In any fluid remaining at rest, every part of it, at 
same depth, is in an equal state of qpmpression. 

For, let the plane £F be parallel to the surfece AB. 1 
since the height of the fluid at all the points of £F, is e( 
therefore the i^eights standing upon any equal parts of £J 
equal ; and, therefore, the pressure in all die points of I 
equal also. 

Cor. 1. A fluid being at rest, the pressure at any depth is i 
depth. 

For this pressure depends on the weight of thc^superincuD 
fluid, and, therefore, is as its height. 

Cor. 2. In am/ given place, a fluid presses equally in a^j 
tions. 

For (by Prop. LXXX.) as the pressure in any place acts i 
directions, it must be the same in all directions. For if it 
less in one direction than another, the fluid would move that 
till the pressure becomes equal. And then the fluid would 1 
rest, and be equally compressed in all directions. 

Cor. 3. The pressure is equal in every part of a plane draw 
rallel to the horizon. 

Cor. 4. When a fluid is at rest, each drop or particle of 
equally pressed on all sides, by the weight of the fluid above it, 

PROP. LXXXIII. {Fig. 6. PI. XII.) 

If a FLUID BE AT REST IN ANY VESSEL, WHOSE BASE IS PA 
LEL TO THE HORIZON, THE PRESSURE OF THE FLUID UPON 
BASE, IS AS THE BASE AND PERPENDICULAR ALTITUDE OF 
FLUID, WHATEVER BE IHE FIGURE OF THE CONTAl 
VESSEL. 
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Case I. 

CD be a cylinder or prism, then (by Cor. 1. Prop, 
the pressure upon a given part of the Mse (as a square 
I the depth. And the pressure upon the whole base is 
ber of i^rtSy or inches, contained in it ; and, therdbre, 
ise and altitude of the fluid. 

Case II. {Fig. 7. PL XU.) 

le^ts and bases of the vessels ABC, DEF be equal to 
cylinder ABCD (1%. 6; PL XII.); then, since any 
bases AB or DE is equally pressed, as an equal part 
CD ; (Fig. 6. PL XII.) therefore the whole pressure 
ases AB or DE is equal to the whole pressure upon 
[), {Fig. 6. PL Xn.); and, therefore, is as the base and 
lar height. 

If two vessels ABC, DEF, of equal base and height^ 
r so different in their capacitieSy be filled toith any the 
their bases will sustain an equal quantity of pressure, 
% cylinder of the same base and height. 

Vhe quantity of pressure at any given depth, upon aghen 
thoays the same, whether the surface pressed be parallel 
son, or perpendicular, or oblique ; or whether the fluid 
fwardsfrom the compressed surface, rises perpendicularly 
\near direction, or creeps obliquely ^ through crooked cavh- 
us ; and whether tliese passages are regular or irregular, 
'vw. And hence. 

Pier. 8. PI. XII.) IfABDCF be any vessd contahung 
! BL, ED, HFOK, and GC be perpendicular to the 
GHAB the surface of the liquor; and FL, COD pa- 
Bh ; then the pressure at L and ¥ is as BL or HF ; at 
y, as ED ; at K as HK ; and, therefore, the pressure 
is the same ; and the pressures at D, O, C are equal. 

'ig. 8. PI. XII.) The pressure is every where directed per~ 
against the inner surface of the vessel. Therefore at 
:ted downward, at L sideways, and at F tqnoarels. By 

m 

F'ig. 9. PI. XII.) If two vessels AB, CD, communicate 
ther by the tube BC, and if any liquor be poured into 
oill rise to the same height in the other CD. and will 
U heights in both; that is, AD will be a horizontal 

e fluid stand at unequal heights, the pressure in the 
)e greater than in the lower, and cause it to moye tOi- 
wer. 
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Cor, 6. (Figures 10 and 11. PI. XII.) If two different JUadi 
sustain one another at rest in two vestelt AB, CD, Slat comnaai- 
cate ; their height above their place of meetings will be reciprocalh/ 
as their densities or specific gravities. 

Let the fluids join at C, and take the perpendicular height of 
eC, equal to that of AB. ; then, if the densities of the fluids 
were equal, they would sustain one another at the equal 
heights AB, Ce. Therefore, that the pressure of the other fluid 
may be the same at C, its height must be so much greater as the 
density is less ; that is, CD : Ce or AB : : density of AB I den- 
sity of CD. 

Scholium. — {Fig. 12, PL XII.) The truth of the foregoing pro- 
positions may be easily proved experimentally. Take several tubes 
open at both ends, some straight, some crooked, with their low 
ends turned in all directions, and of several sizes, regular and i^ 
regular. Put these into a vessel of water to any depth, and the 
water will rise up to the height of the external surface of the wa- 
ter in them all. But this is to be understood of such tubes as are 
sufficiently wide ; for in capillary tubes immersed in a vessel of 
water, it rises something above the level, and that to heights reci- 
procally as the diameters. Likewise, if water can rise and be 
suspended at the height B in the capillary tube AB, it will be 
suspended at the same height B, whilst the part of the tube at B 
remains the same, whatever be the figure or wideness of the under 
part CD. And the ascent and suspension of water is the very same 
m vacuo. The same holds for any other fluids, but diflferent fluids 
rise to different heights. But quicksilver, instead of ascending iii 
a capillary tube, sinks in it, and has its surface depressed below 
the common surface, to depths which are reciprocally as the di- 
ameters of the tubes. But the forces by which fluids are suspend- 
ed in capillary tubes come under no hydrostatic laws. 

PROP. LXXXIV. {Fig. 13. PL XU.) 

If a homogeneous body be immersed in a fluid of the same 
density with itself, it will remain at rest in any place 
and in any position ; but a body of greater density than 
the fluid will sink to the bottom, and a body of ' less 
density will rise to the top. 

Case I. 

Let the body EOF be immersed in the fluid AD. Then, since 
the body is of the same density as the fluid, therefore the body 
will press tlie fluid under it, just as much as the same quantity 
of the fluid put in its place. And, therefore, the pressure of the 
body, together with that of the fluid above it, presses the fluid 
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bdow as nrach as a colamn of the fluid of die same depth. 
Therefore tiie piessuie of the body at F against Hie fluid is equal 
to the pressure of the fluid at F against the body. And, there- 
fore, these two pressures will remain in equilibrio^ and the body 
will be at rest. 

Case II. 

If ibe body is more dense, the pressure against the fluid un- 
toneath is gpreater than that of an equal quantity of the fluid. 
Ilierefore the weight of the body will overcome the pressure of 
the fluid under it, and it will sink. But if the body be lighten, 
die pressure of the fluid will overcome the weight of the body^ and 
it will rise to the top. 

Cor, 1. If$everaijimd$ of different densities be mixed togethe9m 
ike same veaely the heaviest wul get to the lowest place^ and the 
lightest to the top, and those of a mean density to the middle. And, 
in any bodies whatever the heaviest toill be the lowest. 

Cor. 2. Henc€y bodies placed in fluids Itave a twofold gravity, the 
one true and absolute^ the other apparent or relative. Absolute gra^- 
vity is the force with which bodies tend downward ; by this, all sorts 
offlviA bodies gravitate in their proper places, and their weight taken 
together compose the weight of the whole ; for the whole is heavy, as 
me^ be experienced in vessels full of Hqtwr. 

Keiative gravity is the excess of the gravity of the body above that 
ofthefUdd, By this kind of gravity fluids do not gravitate in their 
proper places ; that is, they do not preponderate, but hindering one 
motker^s descent, remain in their proper places as if they were not 
heavy. 

Cor. 3. Hence, an irregular body, or one that is heterogeneous, 
descending in a fluid, or if it move in any direction, and a fine be 
drawn connecting the centre of gravity and centre cf magnitude of 
the body, the body will so dispose itself as to move in that line ; and 
that the centre &f gravity will go foremost and the centre of magni- 
tude behind. 

For, there being more matter and less surface near the centre 
of gravity, that part will be less resisted than near the centre of 
magnitude ; therefore, the centre of magnitude will be more re* 
tarded than the centre of gravity, and will be left behind. 

Cor, 4. Hence, no body can be at rest within a fluid,, unless it be 
of the same specific gravity as the fluid. 

Scholium. — ^What is here said of bodies of greater density 
tnnking in a fluid, must be understood of such as are solid. For, 
if a body be hollow, it may swim in a fluid of less density. But, 
if the hollows or cavities be filled with the fluid, it will then sink, 
likewise, bodies of greater specific gravity being reduced to ex* 
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tremely small particles, may then be suspended in the -fluid. 
But the forces oy which this is done belong not to any laws of 
hydrostatics. 

PROP. LXXXV. {Fig. 13. PL XII:) 

Bodies immersed in a fluid, and suspended in it, lose the 
weight of an equal bulk of the fluid. 

m 

For, (by the last Prop.) if the body EF be of the same density 
as the fluid, it loses all its weight, and neither endeavours to as- 
cend or descend. Therefore, if it be lighter or heavier it only 
endeavours to ascend or descend with the difference ■ of the 
weights of the body and the fluid, and has, therefore, lost the 
weight of as much of the fluid. 

Cor. 1 . The fluid acquires the weight which the body loses. 

For the sum of the weights of the solid and fluid is the same, 
both before and after emersion. 

Cor. 2. All bodies of equal magnitude immersed in a fluid lose 
equal weights, and unequal bodies lose weights proportional to their 
bulks. I 

Cor. 3. The weights lost by immerging one and the same body in 
different fluids are as the densities of the fluids, or as their specific 
gravities. 

Cor. 4. Hence, also, if two bodies of unequal bulks be in eguUibrio 
in one fluid, they will lose their equilibrium in another fluid if differ' 
ent density. 

Scholium. — Since a body immersed in a fluid loses so much 
weight as that of an equal quantity of the fluid, therefore it tends 
downwards only with the difference of these weights ; and this is 
the relative gravity of the body in the fluid. But if the body is 
specifically lighter than the fluids it seems to lose more weight 
than it has, and, hence, the body will tend upwards with the dif- 
ference of these weights. And this is the relative levify of the 
body in the fluid ; such as we see in feathers or smoke in the air, 
or cork in water. 

PROP. LXXXVI. 

The WEIGHT OF A SOLID BODY FLOATING UPON A FLUID, IS EQUAL 
TO THE WEIGHT OF A QUANTITY OF THE FLUID, AS BIO AS THE 
IMMERSED PART OF THE SOLID, CUT OFF BY THE PLANE OF THE 
• SURFACE OF THE FLUID. 

> For, if the body be at rest, the pressure of the body- upon, the 
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imdeniealii, is just the nine as the pressure, of the fluid in 
the room of the immersed part; and, tnerefore, Uie weight of 
one is equal to die weight of the other. 

Cor. 1. Ifiie hodif he homogeneoui, the weight or magnitude of 
the whole floating body is to the weight or magnitude of tH part im- 
mersed I I as the density or spedjic gravity of the fluid is to the dtn-^ 
uty or specific gravity of the body. 

For the density^ of the fluid : density of the body t \ weight (of 
tfae^ fluid equal to the immersed part, or the weight) of the whole 
whole body : we^t of the immersed part 

Cor. 2. If one and the same bodyflottt, or swim upon different U- 
qmds, the immersed part in each liquid will be reciprocalfy as their 
densities ; andj therefore, a body will sink deeper in a lighter fluid 
than in a heavier. 

PROP. LXXXVII. {Fig. 14. PL XII.) 

If A FLOATING BODY AFBE, OR SYSTEM OF BODIES, BE AT REST 
IN A FLUID, AND D BE THE CENTRE OF GRAVITY OF THE WHOLE 
BODY, AND C THE CENTRE OF GRAVITY OF THE FLUID AFB, 
EQUAL TO THE IMMERSED PART OF ' THE BODY ; THEN, I SAY, 
THE LINE CD WILL BE PERPENDICULAR TO THE HORIZON. 

For, as C is the centre of gravity of the fluid AFB, it is the 
centre of all the forces or weights of the parts of the water in 
AFB, tending downwards ; but because the body is at rest, the 
same point C is also the centre of all the pressures of the fluid 
ondeineath tending upwards, by which the weight of the fluid 
AFB or of the body AJ'BE (equal to it by Prop, last) is sustained. 
Therefore the sum of all the forces tending upwards to C, is 
equal and contrary to the sum of all the forces tending down- 
wards from D, (by Ax. 11.) because that pressure sustains the 
body. But the weight of the body tending from D is perpendi- 
cular to the horizon; therefore, CD is perpendicular to the 
horizon. 

Cor. If the whole body be as Jieavy or heavier tlum water, and be 
immersed in it, the centre of gravity will be the lowest, and descend 
theforemost. 

PROP. LXXXVIII. (f%. 1. PI. xm.) 

If a fluid, CONSIDERED WITHOUT WEIGHT, BE ENCLOSED IN A 
VESSEL, AND STRONGLY • COMPRESSED ON ALL SIDES, EVERY 
PART WITHIN IT WILL BE IN THE SAME COMPRESSED STATE. 

For, if any particle was less pressed than another, the grenter 
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pressure would more the fluid towards the less compressed part, 
till their compression became eTery where equal ; and then the 
equal pressures would balance one another, and remain at rest. 

Cor. 1 . Hence, any soft body of GHI, who»e parU amnot be con- 
demcd, being immersed m a fluid enclosed m a veisel, and ttrongh/ 
eomfyresaed on every side, the body will retain its figure, aud si^firno 
change from the compression of the ambient fitdd. And all its parts 
will remain at rest among themselves, and m the same compressed 
state as the fluid* 

Cor. 2. The motion of any included body as'^^or of any nunAer 
of bodies, will not be at all changed by the compression of the fluid, 
but will remain the same as before. 

For, the compression acting every way alike^ can make no alte- 
ration in the motion of bodies. 

Cor. 3. In an inflexible vessel, a fluid will not sustain a stronger 
pressure on one side than another; out wUl give way to amf excess of 
pressure in a moment of time, and be reduced to an eguahty hf pres- 
sure. 

PROP. LXXXIX. (P^. 13. Tl xn.) 

If air, or any elastic fluid of small density, be shut ¥P 
in a close vessel, every part of it will be in the same 
compressed state. 

For, let A BCD be a vessel iull of enclosed air, then the air, at 
equal altitudes within the vessel will be in the same state of com- 
pression ; and the compression in the bottom of the vessel can 
only exceed that at the top, by the weight of a column of air of the 
height of the vessel AC, (by Cor. 1. Prop. LXXXII.) biit the 
weight of such a column of air is insensible m respect of the exter- 
nal pressure, or the pressure of the height of the atmosphere. And, 
therefore, the compression in every part of the vessel may be 
looked upon to be the same. 

Cor. 1 . Jn like manner, the compression of the air in any two places 
near the earth* s surface is very nearly the same* 

For the difference is only the weight of a column of air, whose 
height is the difference of the heights of the two places, which is 
very inconsiderable. 

Cor. 2. If air be compressed in any vessel by tlie pressure of the 
extenud air, its elastic force is equal to the force and pressure of the 
external air. 

Cor. 3. The air does the same thing by its spring, as a non^lastic 
fluid does by its toeight or pressure. 
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For the, spring or elasticity of the air is the force it exert 
against the force of compression^ and^ therefore^ must be equal 
to it. 

Scholium. — ^That the air is aheavy, elastic, compressible bodVy 
is confirmed by many experiments made for that purpose. Its 
piopevties are Uiese. 

1. The air has some, though a very small degree ofweight, 
whidi is so small^ that it hardly becomes sensible, but in the 
weight of the whole atmosphere, or body of air enclosing the 
earth. -> 

2. The air is an elastic fluid, and capable of being condensed 
and rarified. And when it is condensed or forced into a less 
space, its spring, or the force it exerts to unbend itself, is propor- 
tional to the force that compresses it. And the space any given 
quantity takes up, is reciprocally as the compressing force; or its 
elasticity is as its density. 

3. All the air near the eai-th is in a compressed state^ by the 
weight of the atmosphere or body of the air above, which com- 
presses it. And, from hence, the density of the air grows conti- 
nually less, the higher it is above the surface of the earth. The 
weight of the atmosphere at the surfiaice of the earth is, at a me- 
dium, about 14} lb. averd. upon every square inch. But at dii^ 
ferent times it differs, by reason of winds, hot or cold weather, 
&c. But the height of the atmosphere is uncertain, by reason it 
grows continually more rare tovirards the top till it vanishes. The 
weight of the atmosphere is equal to the weight of water 11 yards 
high. 

4. Tie spring or elastici^ of the air is increased by heat, and 
decreased by cold, so that if any quantity of air be enclosed in a 
vessel, it vnll have a greater spring or pressure when heated, and 
will kfse part of its spring by cold. 



PROP. XC. 

To FIND THE SPECIFIC GRAVITY OF BODIES. 

Case I. 

If U be a solid body heavier than toater, weigh it exactly, first in 
air, and then in vrater, or some fluid whose specific gravity you 
know; aadlet 

The absolute weight of the body =: A, 
The weigju in waier^ Sfc, z= Q, 

The spec^^ramiy of watery 4'c. =r C, 
7^ ipi!e|/ic|frin»fy^of ^Ae fr(x^=: D, 
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Thfn wiU D = ^— C, the tpecific gravUy of the boAf. 

Case II. 

For a toUd body lighter than water. Take any piece of metal 
and tie it to a piece of the light body, so that the compound may 
sink in water ; and putting A, C, D, as in Case I. and 

E zi weight of the metal m water. 
T zz, weight of the compound in water. 

Then D = , the specific gravity of the light hoefy. 

Case m. 

For a fluid. Take a solid body of known specific gpravil^/ 
which will sink in the fluid. And putting the same letters as m 

Case I. Then will C ^ — ZI.J), the specific gravity of the fluid.- 

A 

Or tfms : 

Take a body that will sink in the fluid, and also in water, and 
let 

A zz absolute weight of the body, ■ 

B zz its weieht in water, 

G. = its weight in the fluid, 

C zz specific gravity of water, 

Z zz specific gravity of the fluid required. 

Then Z zz ^""^ C. 
A — B 

But for mercury, or for powders, dust, or small fragments of 
bodies, you must use a glass or metal bucket, observing to 
balance its weight both in air and water. And for bodies that 
will dissolve in water, weigh them in oil of turpentine instead of 
water. When the body is weighed in the fluid, it must be sus- 
pended by a horse hair, or a fine silk thread. Note, if the body and 
fluid be near tlie same specific gravity, your work will be more 
exact. 

To demonstrate the rules, it is evident, (by Prop. LXXXV.) 
that a body weighed in water, loses the weight of as much water. 
Therefore, in Case I., the weight of an equal quantity of water is 
A — B. But (by Def. 11.) the specific gravities are as the 
weights of equal quantities . of matter; therefore A — B I A ;; 

c : D. 

And, in Case II. F — Ezz weight of the light body in watery 
(which is negative when £ is greater than F) and the weight of 




OI<dUuf fr^ 



f^A v^ 
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an equal quantity of water isA — F— EorA-f E — F, there- 
fore, (as in Case I.) it is A -f E — F : A ;: C : D. And the 
nile is equally true, whether D be lighter or heavier than water. 



In Case III., since D zz 



C, therefore C 



_A— B 



D. 



A — B A 

Or in the other rule; A — B z= weight of as much water, and 
A — G zz weight of as much of the fluid, and the specific gravi- 
ties being as the weights of equal quantities of the matter; there- . 
fore. A — B : A — G::C:Z. 

Cor. 1. .Hettce, if a piece of metal, or any sort of matter is offatd 
to know what .sort it is of, find its specific gravity by the rule above, 
whack seek in the followtng table ; and the nearest to it gives the 
name of the body, or what kind it is of ^ 

Cor. 2. And to find the solid content of a small body heavier than 
water. Weigh it in air and water, and the difference of the weights 
reduced to grains, being divided by 256, the quotient is the cubic 
inches it contains. 

For a cubic inch of water weighs 256 grains ; or a cubic foot 
weighs 76 lb. troy, or 62^ lb. av^upoise, which is but 254 grains 
to an inch. 

Cor. 3. Hence, also, the solidity of a body being known, the weight 
may be found, and the contrary. Thus, put n =: 0.5275 oumxs 
troy, or 0.57S7 ounces averdupoise; andl>^^ spec^ic gravity of the 
body .by the following table; then as 1 l nD H soUd content in 
inches I weight in ounces ; and one being g^ven finds the other. 

For the weight of a cubic inch of water is .5275 oz. troy, or 
.5787 oz. averdupoise. 

A TABLE OF THE SPECIFIC GRAVITIES OF BODIES. 



SOLIDS. 



Fine gold 19.640 

Standard gold 18.888 

Lead 11.340 

Fine silver 11.092 

Standard silver 10.536 

Copper 9.000 

Copper halfpence .... 8.915 

Fine brass 8.350 

Cast Brass 8^00 

Steel 7.850 

L^n. 7J544 

Pewter 7.471 

Tm 7.320 



Cast iron 

Lead ore 

Copper ore 

Lapis calaminaris 
Loadstone . . . . . . 

Crude antimony. . 

Diamond 

White lead 

Island crystal.. .. 

Marble 

Pebble stone .. .« 

Coral 

Jasper. . 



7.000, 

6.200 

5.167* 

5.000 

4.930 

4.000 

3.517 
3.16q 
2.720 
2.707 
2.700 
2.700 
2.660 
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Rock crystal 2.650 

Pearl 2.630 

Glass 2.600 

Flint 2.570 

Onyx stone 2.510 

Common stone 2.500 

Glauber salt 2.250 

Crystal 2.210 

Oyster shells 2.092 

Brick 2.000 

Earth 1.984 

Nitre 1.900 

Vitriol 1.880 

Alabaster 1.874 

Horn 1.840 

Ivory 1.820 

Brimstone 1300 

Chalk 1.793 

Borax 1.717 

Allum 1.714 

Oay 1.712 

Dry bone 1.660 

Humane calculus .... 1.542 

Sand 1.520 

Gum arable 1.400 

Opium 1.350 

Lignum-vittt 1 .327 



Coal 

Jet 

Coral 

Ebony 

Pitch 

Rosin 

Mahogany 

Amber 

Brazil wood 

Box wood 

Common water. 

Bees' wax 

Butter 

Logwood 

Ice 

Ash (dry) 

Plumtree (dry) 

Elm (dry) 

Oak(dry) 

Yew 

Crabtree 

Beech (dry) 

Walnut-tree (dry) .... 

Cedar 

Fir , . .•• 

Cork 

New-fallen snow 



• • • • 



FLUIDS. 



Quicksilrer 14.000 

Oil of vitriol 1.700 

Oil of tartar 1.550 

Honey 1.450 

Spirit of nitre 1.315 

Aquafortis 1 .300 

Treacle 1.290 

Aqua regia 1.234 

Spirit of urine 1 .120 

Human blood 1 .054 

Sack 1.033 

Urine 1.032 

MUk 1.031 

Sea water 1.030 



Serum of human blood 

Ale 

Vinegar 

Tar 

Water 

Distilled Waters , . 

Red wine 

Linseed oil 

Brandy 

Oil olive 

Spirit of turpentine. . • . 

Spirit of wine 

Oil of turpentine. ..... 

Common air 



1,250 

1.238 

1.210 

1.177 

1.150 

1.100 

1.063 

1.040 

1.031 

1.030 

1.000 

.955 

.940 

.913 

.908 

.838 

.896 

MX 

JdOO 

.760 

.700 

.700 

.650 

.613 

.580 

.238 

.086 



1.030 

1.028 

1.026 

iJOiS 

IJQOO 

.993 

.^90 

.8'82 

.927 

.913 

.874 

.866 

.810 

.0012 



In this table you have the mean specific gravities. For there 
is some difference in di£ferent pieces of the same sort of body, by 





A 



OKxyi frs^ H^^ 
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reason of their difierent goodness, fineness, compactness, texture, 
dryness, being moTe or less free from mixture, &c. And some- 
tinies by a greater degree of heat or cold, which affect all bodies a 
litde;, from whence t^re will arise a sensible difference in di^ 
femt parcels of the same' sort of matter, in almost all bodies, 
whether solid or fluid. Particularly in wood there is great dif- 
feience, for green wood is far heaTier than dry wood, and some 
gieea wood will sink in water, as elm. 

PROP. XCI. {Fig. 2. PL XIII.) 

The centse of pressure of 'ant plane sustaining a fluid 
pressing against it, is the same as the centre of percus- 
sion, supposing the axis of motion to be at the inter- 
section of this plane with the surface of the fluid. 

The centre of pressure is that point against which a force being 
applied equal and contrary to the whole pressure, it will just sus* 
tain it, SO as the body pressed on, will incline to neither side. 

Let AF be the sur&ce of the water, O the centre of pressure; 
diaw AO, and parallel to AF, draw cbd. Then the pressure 
against any small part cd, is us cd and the depth of the fluid, 
that is, as a/ X A6. And the force to turn the plane aboat O, 
iMcd X Ab X bO, or cd X Ab X AO — cd X Ab; And the 
sum of them aU must be e<]ual to 0. Therefore, AO n 

qfaU cd X Ab*^ ^^^ therefore, (by Prop. LVII.) O is the 
of all cd X Ab 
same as the centre of percussion. 

Cor. 1. The centre ofprettwe, upon a plane parallel to the hori- 
zon^ or vpon any plane where the preaure is uniform^ is the same a$ 
ike centre of gravity of that plane. 

For the pressure acts upon erery part, in the same manner as 
gravity does. 

Cor, 2. The quantity of pressure upon any plane surface, is equal 
to ikatofthe same plaSne, placed parallel to the horizon^ at the depth 
wAere its centre of gravity is ; and the same is true of any number 
qfssirfaces taken together. 

For ^ whole pressure is as the sum of all the A6 x <^ ; and 
upon the whole ngure placed at the centre of gravity, it is ABC 
X distance of the centre of gravity, frt>m A. But, (by Cor. 3. 
Prop. XLIV.) these products are equal. Aiv^ the same may be 
proved for several sorfeces, or the surfece of any solid, taking the 
centre of gravity of all these sarfooes. 
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PROP. XCn. (Fig. 1. PL VII.) 

To FIND THE CENTRE OF EQUILIBRIUM OF A BODY, OR A SYSTEM 
OF BODIES, IMMERSED IN A FLUID. 

The centre of equilibrium is the same with respect to bodies 
immersed in a fluid, as the centre of gravity is to bodies in free 
space ; it is a certain point, upon which, if the body or bodies be 
suspended, they will rest in any position. 

Let A, B, C be three bodies, or the quantities of matter in them; 
/?, g, r their relative gravities in the fluid ; 1 =: absolute gravity. 
Then pA, <?B, rC are the weights of A, B,C in the fluid. Let 
G be the centre of equilibrium. Then, by the same reasoning as 
in Prop. XLVIL, the sum of the forces of A, B, C is pA x Aa 

4- 9B X B6 4- rC X Cc= Gg X M + i^ + ^y ^« ^^^ ^^ 
the forces or weights when situated in G. Whence Gg = 

Aa_xM +_ BfrxyB+CcXr€ ^^ ^^^^^ ^^^ ^^^ ^ 

pA +qB + rC ] -^ 

equilibrium from ST, iVi the fltad. And if any body, as A, is 
lighter than the fluid, then its relative gravity p will be n^ative. 
And if any body is situated on the otlier side of the plane, its dis- 
tance from it must be taken negative. 

Cor, If the body or bodies be homogeneous, the centre of eguUi- 
brium is the same as the centre ofgramty. 

Scholium. — ^The relative gravity is found thus : Take the spe- 
cific gravity of the fluid from that of the body, and divide the re- 
mainder by the specific gravity of the body. And these specific 
gravities are had by Prop. XC. 

PROP. XCIII. {Jig, 6. P/. VIII.) 

If A SYSTEM OF BODIES OSCILLATE IN A FLUID, WITHOUT RESIST- 
ANCE 'y TO FIND THE LENGTH OF AN ISOCRONAL PENDULUM 
VIBRATING IN VACUO. 

Because particles of diflerent specific gravities, placed in aify 
given point, will require diflerent times of vibrating in the fluid; 
therefore we must find the point where a particle of infinite den- 
sity being placed, will vibrate in the same time as the system : 
and this will be the centre of oscillation. For this particle ..will 
lose nothing of its weight in the fluid ; its relative gravity being: 
the same as the absolute. Whence, the vibrations of this particle 
will be performed in the same time as in vacuo. 

Let A, B, C be three bodies, or their quantities of matter ; 
/>, q, r their relative gravities in the fluid ; 1 = absolute gravity. 
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Hien/iAy q3f rC are the weights of the bodies in the fluid. Let 
6 be the centre of equilibrium ; and O the centre of oscillation 
sought. Put J = A X SA* -h Bx SB«+ C X SC«. Then (by the 
same reasoning, and construction, as in Prop. LVIII.) the angu- 
lar velocities which the bodies A, B, C generate in the system are^ 

— SexpASnx^BSrfXrC j^i. i,, , , 

^ , ^ , — -^ ; and the whole angular Yelo- 

S 8 8 

city generated by them all, ;. -Se x pA + SnxgB + Sdx tC 

8 

likewise the angular velocity which the particle P, situated in 

Sr X P Sr 
0, generates in the system, is — or But their vibra- 

■^ P X SO* so« 

tions are performed alike; therefore their angular velocities 
m„*t be eqiud. lUt ;, -Se X pA + Sh x gB + Sd x >€ 

=: J!L — ^ Whence SO = Js_ ^ 

SO« — SG X SO SG ^ 

But (by Prop. XCH.) 



s 



— Sc XM + S» X qB + Sdx f<^ 



— ScxM+SnXyB+SrfxrC = Sg Xj>A + yB4-rC: there- 
fore so = AxSA.+ BxSB. + <fxSC. ^^ 

SGxM+jB + rC 
an i80cr<mal perukdum, out ofthejiwd. 

Cor. 1. (Fig. 6. Pl.VIII.) Hence, if the bodies are homogeneous, 
,^^^-^-.. w^n, A X SA^-fB X SB'-hC x SC * 

pXSGxA + B-f-C* 

Cor. 2. The system makes an exceeding smcdl vibration in the 
fiuid, in the same time that a simple pendtdum, whose length is 

A x SA* 4- B X SB« + C X SC« , ., ^ . 

-^ "^ "^^ ' ^ I _ ^ makes a vtbratum tn vacuo. 

SG X pA + qB + rC 

For the velocity of the system being very small, the resistance 
is inconsiderable. 

Cor. 3. Hence, if^A. be the length of a single pendulum (A), vi- 

SA 
brating in a fluid; then — is the length of an iscocronal pendu- 

lum in vacuo. 

For in a single body, SO = ^ ^ ^^' or'?^^ 
^ ^' SAxM P 

Cor. 4. And ifp be negative, or the pendukan specifiadkf lighter 
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than the fluid ; the pendulum wiU ham upM dtMon^ mud vibrute «p- 

wards in the fluid. Arid the length of an iweronal peudutum out of 

SA 
the fluid, will be _-, as hrfore. 

P 

Scholium. — The centre of percussion is the same in a fluid as 
out of it. For there is nothinji; concerned in that, but tbe quanti- 
ties of matter and velocities ; both of which are the same in the 
fluid, as out of the fluid. 

The relative gravities p, ^y r are found by the Sdiotium of the 
last Prop. 

PROP. XCIV. {Fig. 3. PI. Xra.) 

If a fluid runs through ant tube, pipe, or canal, and 
always fills it, its velocity in any pi.ace will bs 
reciprocally as the area of the section in that place. 

Let AB, CD be two sections at A and C ; and let the 4|iian* 
tity of the fluid ABDC, in a very small time, be translated into 
the part abdc of tlie pipe. Draw Pp, Qq perpendicular te A^y 
CD, or parallel to tne motion of the nuid ; then Pp, Qq being 
indefinitely small, will be the velocities of the fluid at P and Q, 
or the spaces described in that small part of time. TbeD^be- 
cause the pipe is always full, the quantity ABDC r= abdc. Take 
from both, the part o^DC, which is common; and theie re^ 
mains AB6a zz CDdc, that is the section APB x Pp^z section 
CQD X Q^. 

Cor. 1* The quantity of motion of the fluid in the pipe AD^ tff 
any section CD, is equal to the motion of a cylinder <^that fluids 
whose base is CD, and length the same with the pipe from the be^ 
ginning to that section, and velocity that of the jfuidat CD. Or 
the quantity of motion at CD, is as the length qfthe pipe to that 
section CD. 

For, since the velocity in A is as , the motion of ABfo 

APB 

is — ^, that is as P/> ; and the motion of the whole is as the 
APB 

sum of all the Pp, or the length of the pipe, without any rqga^d 

to the diameter AB. The cylinder, whose base is CQD, ^d 

height PQ is = PQ X CQD; and its motion with velocity at C, 

is =?9>^^5. = PQ the length of the pipe, as before. " 

Cor. 2. If water is driven through the pipe PR by sgme given 
force acting at P, and the length of the pipe PR be given^. the 
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qumOi^.^wderdkol^m m td at^^inm teeondy or »me gmen timey 

■ For if the force is given, the motion. (j^nerated in a giyep time 
will be given ; and this motion, being as the quantity of water x 
▼elopit^ at R ; therefore the quantity forced through R, will be 
reci^rocailj 9s' the velocity, or directly as the section at E, by 
this prop. 

Cor. 3. The velocity and quantify of motion^ "ii the tame very 
near in {^rooked iubeM a$ m $traigkt ones ; and in pipei divided into 
several branches, taking the section of all the branches as the section of 
one tube. 

PROP, XCV. (%. 4. FL Xm.) 

Ik avt pipe whose section is ABCD, the stress or force to 
split aky part of the pipe at b, is equal to half the 
pressure of the fluid upon the plane bd, drawn per. 
vevdrcvlar to the curve in b, and of the same lekgth 

A8 tg AT PART OF THE PIPE. 

VjbI 'Ee be. any small part of die surface ; draw EO perpendicular 
to' the ixrfve Ee ; -draw En, en perpendicular to BO, and er perpen- 
dlcolar'tp. EN. And let OE represent the pressure of a particle of 
th^ fioid^.then EOxEe = pressure upon Ee. The force OEmay 
be iivided into the two ON, NE; of which ON tends only to split 
the tube' at A, but that in direction NE is the force to separate 
the parts at B. Therefore EN x Ee is the stress at B. But the 
triangles Eer, EON are similar, and Ec x EN =: EO X er,'or 
BO*>c Nn; • Therefore the part of the' pressure on E«, in direc- 
tioiB N£^ from whence the stress at B arises, i8= EO X Nn, that 
18 s= to the pressure upon the plane Nn. Consequently the stress 
arising horn Hbe pressufe on BE is =r pressure on BN, and from 
tbe^ pressure on BA is = pressure on BO. And the stress at D 
by tae pressure on AD, is equal to the pressure on OD. 

i^so, we suppose die same forces acting in the semi-circle 
BCD : but these serve only to keep the forces acting upon BAD 
in equilibrio. 

Cor, 1. The stress on any part qfapipejidl qfwater, is as the 
diameter of the p^^ and the perpendicular height of the water above 
thatpia^;. and, consequently , tlte thickness of the metal ought to be 
in thiu tdtiQ, 

Cor, 2. In any concave surfacCy cask, or vessel, generated by re* 
voicing rotcnd'an asiSy and filled with a fluids the stress as. to splU-" 
ting is equal to half the pressure iqnm tlte plane passing through its 
mxt$,. And thi'^Htrm^^n both sides at B tmd !>, egftalto the whole 
pressure on that^ia^ ,.,•.., 
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Cor. 3.' Hencey the internal presture on amf length of the pipe^ is 
to the stress it suffers as to splitting y, as 2 X 3.1416, to 1. 

Cor, 4. Hence it follows, that the stress, arising from any pres- 
sure, upon any part, to split it longihidmaUy, transvertefy, or in any 
direction, is equal to the pressure upon a plane, drawn perpendiatlar 
to the Une of direction. Thus the stress arising frvth the pressure 
on BE is iz pressure on BN. 

Cor. 5. And if the pipe he flexible, it will, hy the ^pressure, he put 
into a cylindrical form, or such that the section is a ctrde. 

For, if BD be greater than AC, there will be a greater pres- 
sure in direction OA than in direction OB; and the greater 
pressure will drive out the sides A and C, till AC become equal 
to BD, and ABCD be a circle. Besides, a circle is more capa- 
cious than any other figure. And if a pipe be not flexible, yet 
the pressure of the fluid will always endeaTOur to put it into a 
circular figure. 

Cor, 6. And if an elastic compressed fluid he inclosed in a vessel, 
flexible, and capable of being distended every way, it will form it- 
self into a sphere, for the same reason. 

PROP. XCVI. (Fig. 5. Fl. XIII.) 

If a close flexible tube AB full of air, be immersed 
wholly or in part in the water cdef, the force to 
split it, in any place o, is proportional to ao, its 
height from a. 

For the air compressed at A is in equilibrio with the external 
pressure of the water. At B and O the air is in the same com- 
pressed state as in A; but the external pressure at B, is le^ by 
the weight of the column of water AB ; and at any place O, 
the external pressure is less than in A, by the weight of AO ; 
therefore, the internal pressure at O exceeds the external, by the 
weight of the column of water AO. And the stress at O is as 
that excess. 

Cor. 1. The stress is greatest at the top BG, and at A is no- 
thing. 

Cor. 2. If the tube be inflexible, the stress will be according to 
the state of the compressed air within it. If the air within be the 
same as the external air at B, then the stress at O is as BO. If it 
be less than the external air, the increase of the stress will be oho as 
BO, acting at the outside. If it be of very great density, the m- 
crease of stress at O is as AO. 

For the pressure within is uniform ; but without, it is as the 
depth of the water. 
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PROP. XCVn. (Ft^. 6. PL XIIIO 

The quantity of a fluid flowing in any time through a 
hole in the bottom or side of a vessel, always kept 
full, is equal to a cylinder whose base is the area 
of the hole, and its length the space a body will de- 
scribe in that time, with the velocity acquired by 
falling through half the height of the liquor above 

THE HOLE. 

Let ADB be a vessel of water, B the hole, and take BC ^ BD 
the height of the water ; and let the cylinder of water BC fell by 
its weight through half DB, and it will by that fall acquire sudb 
a motion, as to pass through DB or BC uniformly in the same 
time, by Cor. 3. Prop. XIV. But (by Prop. LXXXIII. and 
Cor. 2.) the water in the orifice B ia pressed with the weiglit of a 
column of wetter, whose base is B and height BD or BC; there- 
fore this pressure is equal to the cylinder BC. But equal forces 
generate equal motions; therefore the pressure at B will generate 
Uie same motion in the spouting water, as was generated by the 
weight of the cylinder of water BC. Therefore, in the time of 
felling through half DB, a cylinder of water will spout out, whose 
length (or Ae space passed uniformly over) is BC or BD. And 
in die same time repeated, another equal cylinder BC will flow 
out, and in a third part of time, a third, &c. Therefore the length 
of the whole cylinder run out, will be proportional to the time, 
and, consequently, the velocity of the water at B is uniform. 
Therefore, in any time, the length of a cylinder of water spouting 
out, will be equal to the length described in that lime, with the 
velocity acquired by falling through half DB. 

Cor. 1. Hence, in the time of Jailing through halfDB, a quantity 
of the fluid runs out, equal to a cylinder whose base is the hole ; and 
lengthy the height of the fluid above the hole. 

Cor. 2. The velocity in the hole B is uniform, and is equal to that 
a heavy body acquires by falling tlirough half DB. 

Cor. 3. (Fig. 7. PI. XIII.) Bitt at a small distance without the 
hole, the, stream is contracted into a less diameter, and its velocity 
increased; so that ^ a fluid spout through a hole made in a thin plate 
of metal, it acquires a velocity nearly equal to that, which a heavy 
body acquires by falling the whole height of the stagnant fluid above 
the hole. 

For since the fluid converges from all sides towards the centre 
of the hole BF ; and all the particles endeavouring to go on in 
right lines, but meeting one another at the hole, they will com- 
press one another. And this compression being every where 
directed to the axis of the spouting cylinder, the parts of the 
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fluid will endeavour to conTeige to a point, hy which means the 
fluid will form itself into a sort of a conical figure, at some distance 
from the hole, as BFX?F. By this lateral compression, the parti- 
cles near the sides of the hole are made to describe cunre lines as 
HE, KG ; and, by the direct compression, the fluid from the hole 
is accelerated outwards at EG ; and thus the stream will be con- 
tracted at E, m the ratio of about tj2 to 1, and the yelbclty in- 
creased in the same ratio. 

It must be observed, however, that the particles of the fluid 
do not always move right forward ; but near the edge of the 
hole, often in spiral lines. For no body can instantly cb$mge 
its course in an angle, but must do it gradually, in some curve 
line. 

Cor, 4. The fluid at the tame depths gponts cut nearly %mI& the 
unne velocity y upwards^ downwards^ sidewaysj or tti atitf directi^m. 
And if it spout vertically ^ ascends nearly to the upper Mtface<tftke 

flmd. 

Cor, 5. The velocities of the fluid, spouting out at Afferent dq>ths, 
are as the square roots of the depths. 

For the velocities of falling bodies are as the square roots of the 

heights. 

Otr. 6. Hence f ifs'ir.XQ j^feet, D := depth of the vessel to the 
centre of the hole, F zz area of the hole, all in feet, t zz time in 
seconds ; then the quantity of water running out in the time t, hy 

this Prop, will be tY^2Ds feet, or 6.128^F^/2Ds o/e gallons. 

Scholium. — ^There are several irregularities in spouting fluids, 
arising from tlie resistance of the air, the friction ot the tuises, the 
bigness and shape of the vessel, or of the hole, &c. A fluid 
spouts farthest through a thin plate ; if it spout through a tubje in- 
stead of a plate, it will not spout so far ; partly from Ihe friction, 
and partly because the stream does not converge so much, or 
grow smaller. A jet d'eau spouts higher, if its direction be a 
little inclined from the perpendicular; because the water in the 
uppermost part of the jet, falls down upon the lower part, and 
stops its motion. "We find by experience, a fluid never sponts 
to the full height of the water above the hole; but in small 
heights falls short of it, by spaces, which are as the squares of the 
heights of the fluid. And all bodies projected upwards, fall short 
of those projected in vacuo, by spaces which are in the same 
ratio, from the resistance of-Ae rtir. 

By experiments, if the height of a reservoir he five feet, a jet 
willfall an inch short; and the defect will be as.ihe square of the 
height of the reservoir. Bnt smaU jets fail more than in that pro- 
portion, from the greater resistance of the air. 
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PROP. XCVni. (%. 8. Fl. XIIL) 
If a motch oa slit.AW, 

cm OCT OF THE SIDE < 

XHE VUANTITT OF WATEB 

TBtBDS TBE aUAHTITT FLOWIKQ OUT OF AN EQDAX ORIFICE, 

FLACEO AT TBE WBOLK DEPTH gt, OR AT THE BASE hi, \S THE 

SAHB TIME ; TBE VESSEL BEINO SCPFOSED TO BE ALWAYS 

EEPT FOLU 

For, draw ibe patabola goA, whose aiis is ^ aod base Ai, and 
Oidiiiate ivi'dien, since Ae Telocity of the fluid at any place r, is 
as v'in (^ Cot. 5. of flie last Prop.) that i», (by Ihe nature of the 
parabola] as the ordinate ni ; therefore to irili represent the quan- 
tity discbarfed at the depth or srction rn. Also At will repre s ent 
die qnontity dischai^ed at the depth or base At. Consequently 
the suia of all the ordinatat ro, or the area of the parabola, will 
represent the quantity discharged at all the places m. And die 
sum of all the lines hi or m, or the area of the paTallelogram 
fghi, will represent the quantity discharged by all Ihe sections m, 
^aced as low as the base la. But the patabola is to the parallel- 
ogram, as i to 1. 

Cor. 1. X<f t = 16 h/f^'- D ■=.gi, the deotK of the ilil. F 
~ area of the ilit,fhig. Then the qwmtity floiBmg main any time 
«r ntoni^ ofteeondi <, tt n 1 fF i^sDi. 

This follows from Cor. 6. of the la3l Prop. 

Cur. 2. The qtiantitu of jimd ditcharged Ibfough the hole mhi, 
it to the gtiantily mhich wnud be ditcharged through an vjtud hole 
placed at Una mhi, at the parabolic tegmenta roH, to Me rtctof^ 

Thia ^tpeais irmn the reasoning in this piopositioi;. 





SECTION TENTH. 

THE RESISTANCE OF FLUIDS, THEIR FORCES 
AND ACTIONS UPON BODIES ; THE MOTION 
OF SHIPS, AND POSITION OF THEIR SAILS. 



For the resistance is equal to the gravity lost b; the body. 
And, because action and re-action are equal and contrary, the 
graviiy lost by Ihe body is equal to that gained by the fluid, 
e is equal to the gravity gained by the 



Cor. 1. ]fa body oiceadi in a fluid, i 
tht fluid, by a ipamtlty equal to tht resisli 

Cor. a. TAia incraise ofweighl ariairu^ Jrom the retittence, it 
mier and above the uddilioiuU taeielU mentioned in Cor. 1 . Prm. 
LXXXV. 

Cor, 3. Jjf (I heterogenenas body descetui in ajluid; it will endea- 
vour to move with its centre ^gravity foremost, leaving the centre 
of gravity of at nark of the jbad, beland. 
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Por the side towards the centre of gpravity contains more mat- 
ter, and will more easily make its way through the fluid, and be 
less retarded in it. 

PROP. C. 

If ant body moves through ▲ fli7id, the resistance it 
meets witfl^ is as the square of its velocity. 

For the resistance is as the number of particles struck, and tiie 
velocity ^^tb which one particle is struck. But the number of 
particles of the fluid which are struck in any time, is as the velo- 
city of the body. Therefore the whole resistance is as the square 
of the velocity. 

Cor. .lATMe registances of timUar bodiet rnovrngmat^Jhadsp an 
OS the squnrtg cf their tkametert^ the tqmaret ofmeir teheities, and 
the densiiiei qf fkejhdds. 

For the number of particles struck widi the same velocity, are 
as the squares of the diameters, and the densities of the fluids. 

Cor. 2. If two bodies A, B, with the tame velocity , meet with 
the resistances p and q, their velocities wiU be and 



when they meet with equal resistances. 

For let h be the common velocity, then p\hb \\ q ', r^ , and 

' P 

6 jv/ X =: velocity of A to have the resistance q ; and since b zz 

P 
velocity of B to have the same resistance q ; therefore velocity A 

; velocity B::V-^*::-4-- A — 

PROP. CI. 

The CENTRE OF RESISTANCE OF ANT PLANE MOVING MRECTLY 
FORWARD IN A FLUID, IS THE SAME AS THE CENTRE OF GRA* 
VITT. 

Hie centre of resistance is that point, to which, if a contrary 
force be applied, it shall just sustain the resistance. 

Now, ^ the resistance is equal upon all equal parts of the pla^ne, 
and, therefore, the resistance acts upon the plane after the same 
manner, and widi the same force, as gravity does ; therefore the 
centre of both the resistance and gravity must be the same« 

Cor. 1 . In any body moving through a fluid, the line of Section 
of its motion wiupass through the centre of resistance, and centre of 
gravity of the body. 

For, if it do not, the forces arising from the weight and resist- 
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ance, will not balance one another, which will cause the body to 
librate or oscillate in the fluid ; till, by de^ees, the gitualion of 
these two centres will fall into the line of their moticm. ' '"' 

Cor. 2. And, for the $ame reatonj if a globe, moang in a ,fli(id, 
oscillates or turns round itx axis ; thct side, wfiidt in ogciUatmg 
fnoves against the fluid, suffers a greater force or resiikawe ;'wid 
therefore the hodif is driven from that part, and made to reeedejrom 
that side, and deflect to the other side ; and, perktps, descrikB a ame 
line in the fluid, 

PROP. ClI. {Fig. 9. PL Xm.) 
If a non-tenacious fluid, such as the wind, kc., move 

AGAINST THE SAIL SA, OR ANY PLANE SURFACE, IM DIBMSSIOJH 
WS, IT SHALL URGE IT IN A DIRF/TTION WA P£RP£NPiei7LA& 
TO THAT SURFACE, WITH A FORCE, WHICH IS AS THE SQUARE OF 
THE VELOCITY, THE SQUARE OF THE SINE OF THE ANGLE OF IN- 
CIDENCE, THE MAGNITUDE OF THE SAIL, AND THE DZltSITT OF 
THE FLUID. 

Draw WA, and AC perpendicular to SA, and S W ; and th^ 
force of the fluid upon SA, is as the force of one particle, and the 
number of them falling on SA. 

But (by Cor.t. Prgp. IX.) the force of one particle is as Its. 
velocity X S. incidence WSA. 

And the number of them (supposing the density to be given) is 
as their velocity X CA, or (supposing the sail SA given) as the 
velocity X S.WSA. 

Therefore, the force of the fluid upon the sail SA, is as the 
square of the velocity, and the square of the sine of WSA. 

Increase the density of the fluid, and the magnitude of the sail, 
in any ratio, and it is evident the force of the fluid against ^e 
sail, will be Increased in the same ratio. 

Cor. t. And if a thin body move in a fluid at rest, the sgme-imo 
hoick in respect of the resistance it meets with, in the direction 'perpen- 
cukar to its surface. '"-. . 

Cor. 2. (Fig. 10. PI. XIII.) Jf a fluid with a given velocity move 
in directicn'WSt against the sail S A, its force to move ike'sa&Hn 
any given direetion SB, w as the smiare of the S.WSA X bg the 
S.ASB. And if WSB he a right angle, as S.WSA X * «W qftiekt 

WSA. ■■ . ■■ ■-■ -^^ 

For let SD, DB be perpendicular to SA, SB ; then St) Is ttc 
whole force acting at S, and SB the force in direction SB, and 
SB is as S.SDB or ASB. And if ASB be the compliment -of 
WSA, then S.WSA x cosine WSA is as S. twice WSA, by tri- 
gonometry. 
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^^^^^hi^-^^^ -'4 ^fiy^ ** dtrectitn "WS, to movfi the tail. or 
botfy SA m the.M/ufUflireciiM WS ; it {ceterit paribus) at the cube 
of the tine of nicidenceVtSA, 

7^ ^IM* M^SB #ill he one continued straight line. 

•>CJ0r. 4m But the force ofagjioen ttrtsm of a fluid, agaimi anp 
mII-SiAieAi -«>ot^ a perpendietdar to itt mafoety itamj^oziht S. 
omAfff iteideftee ; bkt to move it in the tame directiim toitk it^ 
se^ at the tquare of the S. incidence, all thingt elte remaiiung the 
tame. 

This follows from Cor. 1 . Prop. IX. and Cor. 2. of this. 

SaftOLiihf.I.— If the angle WSB be given, the fluid will hvre 
the )|reriltet force possible against the sail, to move it in direction 
SR;'^tfhet»'iUMpMitfonn such, that the sine of the dJiSereneis '6f 

thjii; Stiigl^' WSA — ASH, may be \ the sine of the sum WSB. 

.Sc«9UFiK VL--{Tig. 9. P/. Xm.) If the fluid be tenacious it 
will urge the body in the same direction with itself^ and with a 
fonpe iprhich is^as the sine of incidence; or universally, as the sine 
of intiifence, the square of the Telocity, the magnitude of the, 
ssSi, &U^ denisity of the fluid. 

For, by reason of the tenacity of the fluid, the sail is acted (^ 
by bom &e forces WA, AS, which are equivalent to WS. 

... \' i: PROP, cm. (JFife.ll. P/.XIII.) . ,, 

If A VERT THIV AND LIGBT BODY S^, PLAIN ON BOTH SIX)|1§,. B^ 
'^LAci£i> Ijl^J^ VERT DENSE FLUID, WHICH MOVES IN piRECTIOl^ 
WS, A^DTHE BODY CAN MAKE LITTLE OR NO WAX THROVOk 
^^HEI^LUID, BUT ONLY IN THE DIRECTION OF ITS LEJj'6TH.SA. 
And li' THE BODY BE OBLIGED TO MOVE PARALLEL 4© t^ELF 
IN A GIVEN DIRECTION SD; I SAY, THE BODY WILL BE SO 
WOtWD IN THK FLUID, THAT ITS ABSOLUTE VELOCITY WILL ^E 

'-^^^^ X' VELOCITY OF THE FLUID. 



SASD 



''" «*.■ 



I^w DT paiallel to AS, and fnoduce WS to T., Theiv whilst 
a^paft o£ t^^id moves from S to T, the bod^ wiUbe moliid 
in^ib^ Unf,TD; andjsioce SD is the direction of it» loatiotv tfoo* 
point S will be found in D. And, therefore, the velocities oC tb6 
fluid, and of the body, vnll be as SI to SD ; that is. as S,TDS or 

" (Vl'i ^^yi^ tM dire^tian qf the fmdy it perptm^fiitUr io SII 
thedt^tiipuqfthebodkfy then the v^l'cify qf the hiify SKfo^ bt^' 
toMgent, WSA x velocity of the Jlmd. 
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For ^'^^^ zz S^^?^ = tan. WSA, radius being = 1. 
S.ASD coj.WSA 

Cor. 2. ^mf hence, if the body SA continualfy turn round an axis 
parallel to WS, then the velocity o/*SA, in direction perpendicular to 
YfS, will be as the tangent WSA x velocity of the Jlmd, 

For SA, in this case, will always have the same position to the 
direction of the fluid, as before. 

Cor. 3. (Fig. 12. PI. XIII.) If a very thin body SA be obliged 
to move parallel to itself, through a very dense fluid at rest ; and if 
it be drawn with a given velocity in direttion ahoays parallel to SW; 
its absolute velocity in the Jluidy will be reciprocally as the cosine 
WSA, and in direction SA. 

Draw AC perpendicular to SW. Then, by reason of the den- 
sity and resistance of the fluid, the body will not be able to move 
laterally, but only in direction SA. But the velocities of the 
point S in directions SW, SA are as SC to SA, or as cosine CSA 

to radius. Therefore velocity in direction SA = - I X ve- 

cos, CSA 
locity in direction SW. 

PROP. CIV. (JFVg.l3. P/.XIII.) 

Ir A PLANE SURFACE SA, MOVING PARALLEL TO ITSELF, WITH 
VELOCITY AND DIRECTION SD, BE ACTED UPON BY A FLUID 
MOVING WITH VELOCITY AND DIRECTION WS ; AND IP WF 
BE DRAWN PARALLEL AND EQUAL TO SD, AND FS DRAWN ; I 
SAY, THE FLUID ACTS UPON THE PLANE IN THE ANGLE FSA, 
WITH THE RELATIVE VELOCITY FS. 

For complete the parallelogram WSDF ; and let the body be 
at rest, and the fluid move with the contrary motion DS or FW ; 
and then their relative motions will be the same as before; lEmd 
the fluid will have the two motions FW, FD in respect of the body 
SA at rest. Therefore (by Cor. 2. Prop. VII.) tne motion com- 
pounded out of these is FS ; which is the absolute motion of the 
fluid, supposing the body at rest ; or the relative motion of it, in 
respect of the moving body ; and, therefore, acts on it in the 
angle FSA. 

Cor. If F falls in the line SA, then the. fluid aets not at all upon 
the body. And if it falls on the contrary side of it, then thejimd 
acts on the contrary side of the body SA. 

Scholium. — ^The fluid will move with the surfece in direction 




o/^ ,v. 



Sect X. RESISTANCE OF FLUIDS. 133 

SDf with the greatest force^ when it has such a pos ition, that' the 

sine of the difierence of the angles, FSA — ASD, may be ^ the 
me of the angle FSD. 

And when the angle WSA is given, the fluid will haTe the 
greatest force upon the sail SA, to move it in direction SD, when 

the S. angle ASD is equal to ^ x i the S. of WSA. 

PROP. CV. (^Fig, 14. PL Xin.) 

Let SA be the sail op ▲ ship, SD the position op her keel; 
SK, DK PE&pEMDicuEAit TO SA, SD ; and IP D£, DS be as 

THE resistances TH£ SHXP HAS AHEAD AND ASIDE, WITH 
EQUAL VELOCITIES ; AND IF DC IS A MEAN PROPORTIONAL 
BETWEEN DE AND DK ; THEN, SC WILL BE THE WAT OF THE 
SHIP NEARLY. 

For, let SK perpendicular to S A represent the force of the vnnd 
upon the sail ; the force SK is resoWed into the forces SD, DK; 
SD is the direct foree, and DK the 'force producing her lee-way. 
By Prop. C. her resistance ahead with velocity SD * resistance 
ahead vnth velocity D£ I \ SD* ; D£', and resistance ahead with 
velocity DE : resistance aside with velocity DE I * DE I SD, 
and resistance aside with velocity DE I resistance aside with 
velocity DC : : DE* : DC«. 

Therdbre, ex equo, resistance ahead with velocity SD : resist^* 
ance aside with velocity DC :: SD» x DE» : DE» X SD x 

De« :: sd x de:dc«. 

~ But the resistances are as the forces producing them, therefore 

SD : DK :: sd x de : dc*= de x dk. 

Cor. 1 . Let r =: shij/s resistance ahead, R z:: ship^s resistance 
astdey with the same vehtxty. Then R I r ; ; radius X cotangent 
ASD : iftngent square of DSC, the leeway. 

For, let radius = 1. tangent DSK = t. T hen 1 : ^ : ; SD : 
DK= t xSD;andSD: DC or VDExDKor /v/^XSDxDB 

:: 1 : tangent DSC = A/i2L2? 

SD 

• Cor. 2. Hencey the tangent of the lee-way, in the same skipp i$ >itt 
the square root of the cotangent of the angle ASD, which the sad 
makes with the keel. Therefore, if the tee-^way he known for way 
position of the sail, it will be known for aU, 

Scholium. — The lee-vniy of a ^ip is generdly something 
more than is heie assigned; because her hull and rigging wiU 
make her drive a litde to the leeward, directly from the wind. 
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PROP. CVI. iFig. 1. PL XIV.) 

If THE WIND WITH A GIVEN VELOCITY, IN DIRECTIOV WS, FALL 
ON THE SAIL SA OF A SHIP, MAEING LITTLE OB NO LEE-WAT ; IT 
WILL URGE THE SHIP IN DIRECTION OF THE KEEL SD, WITH A 

FORCE, WHICH IS AS S.WSA*X S.ASD. 

Draw SC perpendicular to SA, and CD to SD. And (by Prop. 
CII.) the force acting upon the sail in direction SC, is as the 
square of the sine of WSA. But the forces in directions SC and 
SD are as SC to SD, or as radius 1 to the sine of SCD or ASD. 
Therefore the force in direction SD =: S.ASD X force in direction 
SC = S.ASD X S.'WSA. 

Cor. 1. The force acting in direction DC perpendicular to the 
keel, is as "SAVSA* x cositu: ASD. 

Cor, 2. The force in direction SD will be unioersalfy as S.WSA* 
X S.ASD, and the square of the velocity of the toind^ and magni' 
tude of the sail. 

Cor. 3. The velocity of the ship m direction SD, is as S.WSA X 
i^ S.ASD X velocity of the wind. 

For the square of the velocity of the ship in any direction, is as 
the resbtance in the water, or (its equal) the force of the wind 

upon the sail in -that direction ; that is (by Cor. 2.) as S.WSA 
X S. ASD, and the square of the velocity' of the wind. The 
density and sail being given. 

Cor. 4. Let the angle WSA be given; and if SDC be a semi- 
circle described on any given line SC; then the force in aa/»f direc-^ 
lion SD oftfie keel, is as the cord SD ; and the velocity as t^^. 

Cor. 5. The velocity of the ship to windward, is as S.WSA x 
>/S.ASD X cosine WSD. 

For, draw SP perpendicular to WS, and DG to SP ; and the 
velocities in directions SD, GD are as SD to GD, or as radius 1 
to S.DSG ; therefore the velocity in GD = S.DSG X S.WSA X 
is/S.ASD. 

Cor. 6. The force of the sail SA to turn the sh^ ab(ntty is as 
S.WSA« X cosine ASD. 

This appears by Cor. 1. supposing the sail placed in the h^d 
of the ship. 
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PROP. CVII. 

If a stkeam of ant fluid, as vrATzn^rjjows dir£ctlt against 

AST PLANE SURFACE, ITS FORCE AGAINST THAT PLANE IS EiQUAL 
TO THE WEIGHT OF A COLUMN OF THE FLUID, WHOSE BABB IS 
THE SECTION OF THE STREAM; AND ITS LENGTH TWICE THE 
HEIGHT DESCENDED BT A FALLING BODY, TO ACQUIRE THE VE- 
LOCITY OF THE FLUID. 

Lett = 16 ^, feet, the height descended by a falling body in one 
second. 
vzz ▼elocity of the fluid, or the space it describes in one 
•' secoad. 

B zz ba<e of the cylinder or column of water. 
Hien 2s =r Telocity generated by gravity in felling through s. 

Therefore, (by Coi . 1 . Prop. XIV.) 

^l*\l w I — = height Mien to gain the velocity v» And 

-.= twice that height. Also B = a cylinder of twice that 

2i 2$ 

height. 

Now, the motion which the cylinder's weight will generate in 
1 secoDd, is 2f x B, or wB ; the motion being as the body 

X by the velocity. And the force of the fluid against the plane, 
is eqoal to the resistance of the plane. And the motion de- 
itrojfvd in, 1 second by the resistance of the plane, is v x Bv or 
«*B; which was also the motion generated by the weight of the 

cylinder ^ B, in the same time. But equal forces in the same 
2s 

tiott genefRte or destroy equal motions. Therefore, the weight 
of the cylinder 5^ B =: force of the fluid against the plane. 

Gr. 1. The force of a Uream of water against any pUme^ is 
€fmd to the weight of a column of water, whose ha»e is the section of 

the stream^ and height ^ ; or the height of the loater, if itJUno 

2s 

through a hole at the bottom of a reservoir. 
It follows from this Prop, and Prop. XCVII. Cor. 2. 

Cor, 2. Moreover, if am^ part of the water lie tqnm Me plane, 
the Jbrce will be augmented by the weight of so nmchwater. 

L 
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Cor. 3. The forcet of different ttreams of water agakut an^ 
phmCf are as their sections and the squares of the velocities. 

Cor. 4. Jfthe plane be also in motion, tlte relative velocity of 
the water against the ptane, must he taken instead <^the absolute 
vclocifj/. 

Scholium. — A cubic foot of water contains 6.128 aid gidlens/ 

and weighs 62^ lb. avoirdupois. 

The density of water to that of air at a mean is as 850 to 1. 
Sir Isaac Newton found the resistance of water to that of sur (by 
the oscillations of a pendulum) to be as 446 to 1^ or between 446 
and 478 to 1, or at a mean as 460 to 1. See Scholium^ Prop. 
XXXI. Book 11. Principia. 

LEMMA. (Fig. 2. P/. XIV.) 
If the quadrant EDA revolve about the radius CA, akd 

DESCRIBE AN HEMISPHERE ; AKD FROM AXL THE POINTS OP ITS 
SURFACE, AS D, d, PERPENDICULARS DB, db, BE LET FALL UPON 
THE BASE EC; I SAY, THE SUM OF AIL THE PERPEKDICUXARS 
BD, IN THE SURFACE EDA, IS TO THE SUM OF AS MANY RADII 
CD, AS 1 TO 2. 

For take Dd intinitely small, and complete the square CAHN, 
and draw CH, also draw DFGR, dfgr parallel to EC. By the 
similar triangles CDF, Dnd; DF x Drf =: CD X nd; also BD 
= CF = FG. 

The surface of the spherical annulus VdfF is 3.1416 X 2JDF 
X T>d or iJ.14l6 X 2CD X nd, that is (because 3.1416 X 2CD is 
given) as nd or ¥f. And the sum of all the BD's in the annuhis 
is as BD X by* its surface, that is as BD X F^, or FC X F/". 
Tlierefore the sum of all the BD's in the annulus is expressed by 
the areaF^^. And, for the same reason, the sum of as many 
radii, by F/rR. Therefore the sum of all the BD's in the hemi- 
sphere I is to the sum of as many radii y, as the sum of all the 
F/gG : to the sum of all the ffr R : '.that is, as the triangle CAH 
: to tlie square CAHN, or as 1 to 2. 

PROP. CV III. iFig. 3. PL XIV.) 

If A CYLINDER MOVES UNIFORMLY FORWARD, IN DIRECTION OF 
ITS AXIS, IN A FLUID OF THE SAME DENSITY; IT MEETS WITH 
A RESISTANCE EQUAL TO THE FORCE WHICH CAN GENERATE ITS 
MOTION, IN THE TIME IT DESCRIBES TWICE ITS LENGTH. 

Let AB be the cylinder moving from A towards G, and take 
FBCG equal to ASBF. And let us first suppose that the cylin- 
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der^R. ^hilst it moves forward, pushes against the several parts 
of the miidi, suid drives them successively before it, in direction 
of its axis, from the several places through which it paNSf s ; so 
(ba^ in eqtial times, it moves equal quantities of the fluid, and 
communicates to ibem the same velocity that it moves with ; it 
is evident that the cylinder, after it has ihoved unifo mly for- 
ward, iim length of its axis has removed the cy.inder of the 
ftiid FEICG equal to itself ASBF, and has communicated a mo- 
tipD to it equal to its own. And since action and re-action are 
equal, the force that uniformly generated this motion, is equal to 
' the nniform resistance the cylinder suffered in the menu time. 
AnjI, therefore, the resistance is equal to the force By wiiich its 
own motion can be generated, in the time it desA/rTes its 
length. 

All this is true, upon supposition that every particle of the 
fluid is driven directly forward, with the same velocity the cy- 
tiod^ has. ; But since, in reality, the motion generated in the 
floia is not directly forward, but (by Prop. LXXX.) diverges on 
aU sides, .and in all manner of directions CD, C^ &c. Therefore, 
if the qusidrant A£ {Fig. 2. PL XIV.) be divided into an infinite 
number of equal parts, Ddy and to all the points D, d, the radii 
CD, Cdy &c. be dr.iwn, representing the motions of tha particles 
m all directions ; and from any one D, the perperidicular DB be 
AriMm on EC; then the motion CD (=CA) is resolved into 
iite two motions CB, BD ; of which CB does not affect the 
eylmder ; and the direct motion of the particle D is only BD, 
which is less than CD. Therefore the force to generate this 
motion, and, consequently, the resistance of a particle at D (equal 
to this force) must be less than before in proportion of CD to BD. 
Therefore the former resistance, when all the particles are driven 
directly forward, to the resistance when they diverge on all 
mdeBy is as the sum pi all the radii CD, drawn to every point of 
tiie surface of a sphere, to the sum of all the corresponding 
sines BD; that is (by the Lemma) as 2 to 1. Therefore the re- 
sistance the cylinder meets with now, is but half the former 
resistance. Consequently, since tlve force to generate any motion 
is reciprocally as the time, the resistance will be equal to the 
force that can generate its motion, in the time that it describes 
'twice its length. 

Cor. 1. (Fig. 3. PI. XIV.) If a cylinder moves m directian of its 
«m, m ajiuid of (he same density, and with the velocitif acqtdred by 
fdlmg in vacuo, from a height equal to its length, r meets vHtha 
resistance equal to its weight: 

For the force that generates its motion, in the time of its 
moving twige its length (or of fiUling through once its leogtb^) is 
its gravity. 
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Cor. 2. Jfa cylinder moves uniformly forward m anyJUttd^itt 
resistance is to the force by which its whole motion may ^ eenetsiied, 
in the time of moving twice its lengthy as the density of uiejtuid to 
the density of the cylinder. 

For, if the density, of the fluid be increased in any ratio^ the 
resistance will be increased in the same ratio. 

Cor. 3. The resistance of a cylinder moving in anyfUddf k equal 
to the weight of a cylinder of that fluid, of the same hate, and its 
length equal to the height a body falls in vacuo, to acquire sis velo* 
city. By Cor. 1 . 

Cor. 4. Let s =z 16 ^feet, B n base of the cylinder, v = its 
velocity f or the space described in one second. Then its rentiance is 

IZ weight of the cylinder^ B, of the fluid, 

4s 

Scholium. — If the cylinder move in a fluid inclosed in a ves- 
sel, instead of the absolute velocity, the relative velocity in the 
fluid must be taken, in order to find the resistance. And be- 
sides, if the vessel be narrow, the resistance will be increased more 
or less, because the fluid, being confined by the vesseT^' cannot 
then diverge in all directions. And if it be so confined, that it- 
cannot diverge at all, but is obliged to*move directly forward, 
the resistance then will be double, which is the greatest it can 
possibly have, or the utmost limit of its resistance. Als<vby 
comparing the last Cor. with Cor. 1. Prop. CVlI. it appears 
that the force of a cylinder of water against a plane, is doable 
the resistance an equal cylinder would meet with, moving, in 
water with the same velocity. And this will not appear stn^ffe, 
when we consider, that, in the first case, the whole motion of Sie 
water is destroyed by the resistance of the plane; but^ in. the 
latter case, the water diverges every way from the moving cylin- 
der, and does not partake of its direct motion. But if the water 
was not suffered to diverge, but was driven directly forward with 
the motion of the cylinder, the resistance would then be doubled^ 
and these two cases would become the same. 

LEMMA. {Fig. 2. PI. XIV.) 

If the quadrant ADE revolve about the radius CA, and 
generate an hemisphere, and on every point b of the 
base, perpendiculars bd be drawn ; i say, the sumof 
all the bd' on the base, is to the sum of as many cd', 

AS 1 TO 2. 

Let CD =: r, CB n x, BD = y, c rz 3.1416 ; then 2cx zz cir- 
cumference of BC. Then, 
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Hie sum of all the rr : to the sum of all the 5^, in the amuilus 
B^,'b^as JXfcx X rr: to 2cr X yy:t rrjr : 5yT. 

AjoA isotti <if ^n the rr : stun of all the yy, in the hemisphere, is 
as sam rrx X^h i snm i^x X B6, on t he bas e. 

Or as sum of rrx X B6 ^ sum of rr — xx X J^ X B^. 
' ^as the sum ottrx x Bb ; sum rrx x B& — sum x' x B6, in 

the base. ^ 

• ♦ But ike sum of all the dr x B6 =: 1 -f- 2-|-3-f-4, &cc. to rx 1 

* And sum <^ all the rr^ X B^ = } r«. putting B^ :zi 1. 

♦ Also the sum of all the x*xBbzi i»-f.2»4-3»+4», 8tc. to r» 
Xl = Jr*. 

Iberefope the smn of all die rr ; sum of all the yy, in the hemis- 
phere, is as J r* : J r* — i r% or as | to }, that is as 2 to 1. 

prop: CIX. {Fig 4. PL XIV.) 

If a GIfOBB MOVX UNIFORMLY FORWARD IN A COMPRESSED INFI- 

, ; ^JIH FLUID, ITS RESISTANCE IS TO THE FORCE BT- WHICH ITS 

, , WS^OJL. MOTION MAY BE DESTROYED ^ GENERATED, IN THE 

7IAIE OF DESCRIBING § PARTS OF ITS DIAMETER, AS THE DEN- 

^TY: OF THE FLUID, TO THE DENSITY OF THE GLOBE, VERY 

jfEARLY. 

*' Le( the ^be move in the direction CA. Draw the tangent 
Mi,' and BDG parallel to CA, and GH perpendicular to DH ; 
iUi'd let GD be the force of a particle of the fluid against the base 
B, hi direction GD : then GH will be the force acting against D, 
in-ditection DC. And this force is to the force in direction 
6I> as DC to DB. Whence, the force against B, is to the ibrce 
' agaunst D, in direction GD, in ' a ratio compounded of GD to 
GH, andDC to DB; that is,' as DC^ to DB«. Hierefore, the 
ibtce of all the particles of the fluid against the base, is to their 
iSnrce against the convex surBsu^, as the sum of all the PC% to 
iXee ^mn of all the DB* on the base ; &at is, (by the Lemma) as 2 
to 1. Therefore, the resistance of the surfoce of the sphere, is 
but half the resistance of the base, or of a cylinder of the same 
diameter. 

Now, the globe is to the circumscribing cylinideT as 2 to 3 ; and 
half of . that force (which can destroy all the motion of this cylin- 
der, whilst it describes 2 diameters) will destroy all its motion, 
whilst it describes 4 diameters. And, therefore, the same force 
that destroys the cylinder's motion, in the time of. moving 4 di- 
ameters, will destroy the globe's motion whilst it moves I of this 

* Seeiraftr«)fstli.€hude,CtftV.. ^^ • 
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length, or 5 of its own diameter. But (by Cor. 2. Prop. CVIII.) 
}ialf the resistance of the cylinder, that is, the rosistanoe of the 
globe, is to this force, as the density of the fluid to thr density 
of the cylinder or globe. 

Cor. I The resistance of a sphere is but half the reiistance of a 
cylinder y of the same diatneter. 

Cor. 2. The resistance of a globe moving in anyJUuid^ig equal to 
the weigfU of a cylinder of that fluid, of the same diameter; and its 
length equal to half the height, through which a botfy falls in vacuo^ 
to acquire the velocity of the globe. By Cor. 3. Prop. CVIII. 

Thurforiy if .v ^ 16 ^^^ftct, tiz velocity of a globe, or the space 
it moves in 1 second, D ^ its diameter; then its resistance is equal 
to the weight of a cylinder of the fluid, of the same diameter D, €tnd 

its laigth — . And if v^i 4 ^ — , its resistance is equal to the 

o 

weight of an equal globe of the fluid. 

Cor 3. The greatest velocity a globe can obtain, by descending in 
a fluid, is that which it woidd acquire by falling tn vacuo^ through 
space that is to t) the diameter ; as the difference between the 
demit II of t'*e ghbe and the density of the fluid, is to the density of 

the fluid. 

For let G, F be the densities of the globe and the fluid, D the 

diameter of the globe ; then, since a globe is equal to a cyliii* 

der whose height is ^ D. ; therefore the weight of the globe 

pi 

n weight of a cylinder of the fluid, whose length is § D X • 

F 

And (by Prop. LXXXV.) the weight of the globe in the fluid is rt 

weight of a cylinder of the fluid, whose length is § D X =— - * 

F 

But (by Cor. 2.) the resistance of the globe moving with the ve- 
locity acquired by falling in vacuo, through the height | D X 

G— F 

— p — is n weight of a cylinder of the fluid whose letigth is | 

D X . Thert fore the weight of the globe in the fluid id 

F 

equal to the resistance ; and, consequently, it cannot accelerate 

the globe. 

And hence, ifv:zz4 nj D«, the resistance is eqnal to the 

3F 

weight of the globe in the fluid. 

Cor. 4. Two equal and hotnogeneous globes moving in a resisting 
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AoEkm, tffi^ m /uTiet Mo/ wrt rtatprocaiiy as <^ jSrs^ velocUies, 
daajke equitl tpoceiy and lose a given part 0/ their motions. 

For the motioti lost^ in describing two rery small equal spaeel, 

is as the resistance and time ; that is, (because the space is giTen,) 

as the square of the Telocity directly and the velocity inversely ; 

that is, directly as the velocity. And so, in describing any space, 

the motion lost will always be as the first motion ; and the time 

reciprocally as the first velocity. 

Cor, 5. Two homogeneous globes, moving with equal velocities in 
ajbiidj lose equal velocities in describing spaces proportional to their 
diameters. 

For the velociW lost in each, by describing two small spaces 
proportional to me diameters, will be as the resistance and time 
directly, and the body inversely; that is, (because &e resistance 
is as the square of tiie diameter, and the time as the diameter,) as 
the cube of the diameter directly, and the cube of the diameter in- 
versely: therefore the velocity lost is equal in both. And the 
like for any succeeding correspondent parts. 

Scholium. — The resistance of fluids is of three kinds. 1. Te- 
fUicitv or cohesion of the parts of the liquor, which is the force by 
whi^ 6ie particles of the fluid stick together, and causes them 
not to separate easily; and this is the same for all velocities. 2. 
Friction or attritiony where the parts of the fluid do not slide 
fireely by one another; and this is as the velocity. 3. The density 
or quantity of matter to be removed; and this is as the square of 
the velocity. The two former kinds are very small in aU fluids, 
except viscid and glutinous one;f; and upon this account the 
foregoing theory regards only the last kind. And therefore the 
resistance there desciibdd is the very least the body can possibly 
meet with. But since all fluids have some small degree of friction 
and tenacity, they will increase the resistance a little. Also, when 
the velocity is very great, the compression of the fluid ought to 
be so too, to cause ihe fluid to return with equal ease behind the 
moving body ; and when this does not happen, the resistance is 
increas^ upon that ^count. For a fluid yielding to a projectile, 
does not recede ad infinitum ; but, with a circular motion, comes 
round to the places which the body leaves. Likewise, when 
bodies move in a stagnant fluid near the sur&ce, the fluid cannot 
dilate itself upwards, to give way to the moving body ; and this 
will considerably increase the resistance. Also, if a body movev 
in a fluid inclosed in a vessel, the relative velocity of the body in 
the fluid must be esteemed its true velocity. But the resistance it 
meets with vrill be increased, because the fluid has not liberty to 
diverge every way. . And the straiter the vessel, the more is -the 
resistance increased; and it may, by this means, be increased till 
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it be near ilouble ; beyond whiili it cannot go. For all tbal a. 
body call do h to drive tlic fluid wholly before it, witboul any di- 
verging. So tlial tlie lenat resistance n globe can bare is the same 
as is luid down in Cur. 2. of the LaL Fiup. uud the neatest can 
never excetHi the double of it; 30 tliat it will always be l)eiween 
tliese liiailit. If the 0uid in itbich the body move^ be elasiic and 
spring Iran) the body, the resistance wilt be greater ^n ifiiwas 
non-elastic. But tliese irrepilaritiet are not consd^d in the 
foregoing ibeory. 

Tlietf arc lunne bodies that may be reckoned in aniddle state 
between tolids and fluids. And in some of these vc tenacity 
and friction is so great, as in many cases far I0 e!icea3L.)he resist' 
ance arising from their density only. For example, it aopears by 
experinients, that if a hard body be *u«pended at sevf^rinliieights, 
and be let fitU upon any soft substance, such as tallM^-.^Jfl clay, 
wax, snow,£ic. it will make pits or impressions, w^^ wn as t!ie 
heights fallen, that is a< the squares of Iha -TahMiiliia / 'XAe wise, 
nails give way to a liammer in a ratio which is as 'the square of 
the velocity. Comparing this with Schol. Prop. XIV. it ap- 
pears that, in these cases, dii' resistance is ihe same for all velo- 
cities : which argnej a very great degree ofteiiadtj. Again, bodies 
|)rojected into earth mixed witii stones ; the impressions are found 
to be between the simple and duplicate ratio of the velocities. 
Tliereford, in this case, the resistance is in a less ratio tlian the 
simple ratio of tlie velocity; and, therefore, these sort of bodies 
haTe both friction and tenacity. And, in different sorts of bodies, 
there is great difference and variety intheirnatureandconsjiiution. 

Tmacity way be compared to the force of gravity, which is 
always the same ; with this difference, that tenacity acts always 
contrary to the motion of the body, and when the I'ody is at rest, 
it is nothing. Attrition may be compared to the motion of a body 
striking always a given number of particles of matter in a given 
time, with any velocity; and, therefore, the resistance of such a 
body will be as the velocity. 
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SECTION ELEVENTH. 

HETHODS OF COMMUNICATING, DIRECTING, 
AND REQULATINO ANY MOTION IN THE 
PRACTICE OF MECHANICS. 



To 



E PLACE TO ilrwraER. 



1. (Fig. 5. PI. jflV.) The eaaiest '«nd- simplest method of 
commuDicatiiig nwtton from one thiag A to another B, is 
by a rope or a lever AB, ttaAiag between the two places, ot 

3. (F^. 6. P'.XIV.) UoHwn ii Gonmiuucated rrom om 
wheel or roller DC to jmotliei AB, by a perpeltnl or endlMt 
mpe A£CD,gobgpiice,or aAei>^T,ab(n)ttbei)i; or, if you will, 
by adiaiii. TbatJ^Mope alip i>oV'*WwiJpWKf° '^ ™d chaniieU 

ted fi«m one wheel 
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ABC, to another DEF; by the teeth in the two wheels working 
togetlier. Or thus, {Fig. 8. PL XIV.) where the axis of A having 
but one tooth ; one revolution of it answers to the motion of only 
one tooth in B. 

4. {Fig. 9. PL XIV.) Motion is communicated from one place 
to anotlier, by one or more beams or levers, MB, BC, CE, EF, 
FH, &c., moveable about the centres A, B, C, D, E, F, G ; of 
which A, D, G, &c. are fixed. Here, if tfie point M be moved, 
the point H will be moved ; for MB, BC, CE, &c. all move one 
another to the last, FH. 

5. {Fig. 10. PL XIV.) Motion may also be communicated 
from A to B, by a pinion at A, and a straight ruler with teeth, 
which bite one another. 



PROP. CXI. 

By HELP OF ONE UNIFORM MOTION GIVEN, TO PRODUCE ANOTHER, 
EITHER UNIFORM OR ACCELERATED. 

1. A uniform motion is produced in the wheel DEF, {I^. 
7. PL XIV.) by moving the wheel ABC uniformly, whick carries 
it. Also a uniform motion is produced in wheels moving by 
cords, as AB, CD ; {Fig. 6. PL XIV.) for one being moved 
uniformly, moves the other also uniformly. 

2. The wheel BF {Fig. 11. PL XIV.) may be made to move 
uniformly about the ceutre C, by the motion of the wheel BD. 
On the base BF with the generating circle BD, describe the epi- 
cycloidal tooth BE. Then the point B of the wheel AB, moving 
uniformly about the centre A, and passing over the tooth BE, 
will move the wheel BF uniformly about C. Here the acting 
tooth AB ought to be made crooked as A6, that it touch not ihe 
end £, of the tooth BE, if it act on the concave side. Or else the 
plane of the wheel BD must be raised above the plane of BF, 
and a tooth made at B to bend down perpendicular to the plane 
of the wheel, as AG, to catch the tooth BE. 

3. The lever AB {Fig. 1. PL XV.) may be made to move up 
and down with either a uniform or accelerated motion, after this 
manner. Let AE be a wheel whose axis is parallel to the iever^ 
and directly above it. Take any arch N4, and divide it into any 
number of equal parts at 1, 2, 3, &c. through which from the 
centre O, draw Oo, Ob, Of, Od ; and make la, 2b, 3c, 4dy &c. 
respectively equal to 1, 2, 3, 4 equal parts. And through the 
points N, o, b, &c. djraw the curve 'Nabcd. Then' the part Ncff 
being made of solid wood, and fixed to the wheel ; and tne wheel 
being turned uniformly about, in the order ENA ; the part NF 
will give aimiforoi motion to the lever AB, about the centre of 
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motion C. And you may fix as many <yf thesci teeth Jo the wheel 
as you will. 

i^^aiD, in the tooth AD, if At, 12, 23> &c. be taken equal, 
and la, tb, 3c, 4d^ &c. be taken equal to 1, 4, 9, 16, &c. equsfl- 
parts ; and the eunre Aabcd be drawn, and the tooth formed ; 
then the lever will be moved with a uniformly accelerated 
motion. • 

' The accelerated motion is proper for lifting a given weight at 
the end B, as a hammer ; or for working ji pump, by a chain go- 
ing over the end B . 

4. The lever AB (JP%- 2- -P^- XV.) may also be moved thus, 
by help of a machine GFD, moving uniformly along GD. Make 
HI, IF right lines ; and make as many such teeth as you vnll ; 
and these wiU give a uniform motion to the lever. 

Make the curves £F£ all parabola^, equal and equi-distant, 
whose vertices are at F, and their bases meet at £, and these 
will make the lever rise and fall with an accelerated motion. 
Such parabolic teeth as these may be placed on a wheel, whose 
axis is perpendicular to the horizon. 

5. One wheel may move another with an accelerative motion 
thus. On the circle or wheel EF, {Fig. 3. PL XV.) take 'Ea, ab, 
be, &c. equal to each other. And on the edge of the wheel BD 
t^Le Bl, a ^ery small part, and 13, 35, 57, &c. 3, 5,7,&c. times 
Bl, suppose the plane of the wheel EF to be extended as far as the 
marks 1, 3, 5, 7, &c. ; then turn the wheel EF, till E fall on 
a; tfien mark the point 1 on the plane of the wheel EF ; then 
torn EF till £ comes to &, and mark the point 3 on the plane 
of the wheel EF. Likewise, let £ come to c, d, &c., and 
mark the points 5, 7, &c., on .4he plane of the wheel EF ; then 
El 3 5 7 r is the figure of tfie tooth of the wheel EF, which 
being unift)rfily moved, will move DB with an accelerative 
motion. 

r ^. PROP. CXII. 

To CHANOE THE DIRECTION OF AKY MOTIOIT. 

1. The direction of any motion may be changed by the lever 
of the first kind, for the two ends have opposite motions. Lik^ 
wise, a bende<) lever will change the direction to any other direc- 
tion, (as Fig. 4. PL XV.) 

3. *nie direction of motion may be changed by the help of 
pulleys, with a rope eroing over them. Thus, thp direction AB 
{Fig, 5. PL XV.) is changed successively info the directions BC, 
CD, DE, EF, FG. 

3. The direction may be changed by wheels, whose sudg^ are 
perpendicular to one another.. Thus, the direction AB^ (J%. 6. 
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PI. X\\) Is changed into the direction £F, by the wheel C, 
working in the crown wheel D. 

4. The direction may be changed, by making the lanthom B, 
(Fiii. 7. PI. XV.) inclined in any given ang(le, to be moved by 
the cogs of the wheel A. Here, the rung^ at F, where they 
work, must be parallel to the plane of the wheel A, or perpendi- 
cular to the cogs. Tlie same thing may be done by wheels with 
teetli, a.s C, D. {Fifr, l. PL XVI.) 

In botli cases^ the axles of the two wheels must be in one 
plane. 

PROP. cxni. 

To REGULATE ANY MOTION, OA TO MAKE IT UNIPOBM. 

1. Any motion is made uniform, by the help of a pendulum 
AB, {Fig, 2. PI. XVI.) suspended at A and vibrating. As the 
pendulum vibrates, it causes CDE to vibrate also, about the axis 
DE. The weight I carries the wheel R, and R moves LF. Now, 
wliilst the pendulum vibrates towards M, a tooth of the wheel 
OF goes off the pallat I, and another catches the pallat H; and 
wlien the pendulum returns towards N, it draws tne paliat H off 
the tooth, and another catches the pallat I; and so oiv altematdy. 
So that, at every vibration of the pendulum, a tooth goes off one 
or other of the pallats. 

2. A uniform motion is effected by the pendulum CP, (i%. 3. 
PL XVI.) vibrating in the arch NM about the centre of -motion 
C. As the pendulum vibrates, it causes the piece ADE to vibrate 
along with it about the axis of motion D£. By this motion, the 
leaf a catches hold of a tooth of the horizontal wheel GF, in its 
going, and the leaf b of another tooth, in retumiBg. A wheel 
with a weight is applied to the pinion L, to keep the pendnlum 
going. 

3. A pendulum may also be applied thus, for the samepurpose. 
FG {Fi^, 4. PL XVI.) is a thick wheel, or rath€¥adoume wheel, 
whose axis is parallel to the horizon. nP a pendulum vibrating 
upon the axis DE, which is parallel to the planes of the wheel 
FG; anb two wings perpendicular to DE, and to nP; 1, 1, 1, 
pins in the rim G ; and 2, 2, 2, pins in the rim F. Tliese.pins 
are in the planer of the wheel, but not perpendicular to the cir- 
cumference, but inclined in an angle of about 45 degrees, and 
the pins in one end are against the spaces in the other ; abis pa- 
rallel to the axis of the wheel FG, but neither in the same hori- 
zontal or perpendicular plane, but almost the radius of the wheel 
below, and something more forward. Whilst the pendulum P 
vibrates in the arch MN, about the axis DE, the wing a catches 
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hold of a tooth in the end F, and, when it returns, the wing b 
catches hoi4 of a tooth in the end (r. Thus, the pins acting alter- 
oately against the wings, a^ 6, keep the pendulum going, by help 
ofihe weight' W. 

4. A steady motion is continued by applying the heayy wheel 
ABC|(J?Vfi:. 5. PL Xyi.J to the machine ; or the cross bar BE 
(J%. 7. Fl. XVI.) loaded with two equal weights at D and E ; 
or a cylinder of some heavy matter may be applied, being made 
to revolve about its axis. By these the force or the power, which 
would be lost, is kept in the wheel, and is equally distributed in 
all parts of the revolution. Such a wheel is of great use in such 
machines as act with unequal force at different times, or in dif- 
ferent parts of a revolution. For, by its weight, it constantly goes 
on at the same rate, and makes the motion uniform, and every 
where equal. By reason of its weight, a little variation of force 
im\\ not sensibly alter its motion ; and its friction, and the resist- 
ance^of the air will hinder it from accelerating. If the machine 
sladkens its, motion, it will help it forward; if it tends to move too 
ia^ilrwiH keep it bade. 

Eveiy such regulating wheel ought to be fixed upon that axis, 
ivbere.&e motion is swiftest; and ought to be the heavier, the 
Homer it is designed to move; and tibe lighter, the swifter the 
motion is. And, in all cases, the centre of motion must be in the 
centre of gravity of the wheel. And the axis may be placed pa- 
rallel to tibe horizon, as well as perpendicular to it. 

Xf the machine be large, and tlte axis of the heavy wheel be 
perpendicular to the horizon, the heavy wheel may be made to 
roll on the ground, round that axis, by putting the wheel upon 
another axis fixed in the former at right angles to it, and thus the 
weight is tal^n off the first axis. And two such wheels may be 
applied on opposite sides. 

5. Any swift motion may be moderated by a fly AB, {Fig, 6. 
PL XVI.) moveable about the axis CD. This is made of thin 
m^al : at s is av a spring to keep tlie axis and fly pretty stiff to- 
gether. This bridles the rapidity of the motion of the machine, 
to which it is applied, by . reason of its great resistance in 
the air; and, therefore, it hinders the motion from accelerating 
beyond a certain degree. This sort of fly is used in clocks, and 
is also useful in any motion that requires to stop, or move a con- 
trary way. 

None of these regulating wheels or flies add any new power to 
the machine ; but rather retard the motion by their friction and 
resistance. ^ 
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PROP. CXIV. 

To DESCRIBE SEVERAL ^ORTS OF KKOW. 

As ropes are made use of in several sorts of machines, aD< 
especially aboard of ships, it is proper for a mechainic to knoV 
how to tie them together ; therefore, I shall her^ describe seve- 
ral sorts of knots, not so much to teach how to tie them, as U 
shew the form the) appear in when they are tied. For th^ 
method of tying them is oest learned from those that can tie then: 
already. 

1. A thumb knot. (Fie. 1. PL XV\L) This is the simplest o 
all, and is used to tie at Uie end of a rope, to hinder its opening 
out. Also it is used by tailors at the end of their thread. 

2. A loop knot. {Fig. 2. PL XVII.) TTiis is used to join pieces 
of rope together. 

3. A draw knot (Fig. 3. PL XVII.) is the same as the last, 
only one (oi both) of the ends returns the same way back, as 
a b c d €. By pulling at « the part bed comes through, and the 
knot is loosed. 

4. A ring knot. Fig. 5. PL XVIl.) Thb serves also to join 
pieces of rope together. 

5. Another knot {Fig. 4. PL XVII.) for tying ropes together. 
This is made use of \^heii any rope is often to be loosed. 

6. A running knot, {Fig. 6. £/. XVII.)to draw any thing close. 
By pulling at the end a, the rope is drawn through the loop b, 
and the part cd is drawn close about a beam, &c. 

7. Another knot, {Fig. 7. PL XVII.) to tie any thing to a 
post ; her ■ the end may be put through as often as you wUl. 

8 A verif small knot. {Fig. 8 PL XVII.) There is a thumb 
knot made at the end of each piece, and the end of the other is 
to go throiiajh it. Thus the rope ac runs through the loop d, and 
bd throup^h c ; and then drawn close by pulling at a and b: if the 
ends e, /be drawn, the knot \d\\ be loosed again. 

9. A fisher's knot, or waterknot. {Fig. 9. PL XVII.) This is 
the same as the 4th, only the ends are to be put twice through 
the ring, which, in that, was but once, and then drawn close. 

10.-4 mashing knot {Fig. 10. PL XVII.) for nets; and is to be 
drawn close. 

11. y| barber's knot, {Fig 11. P/. XVII.) or a knot for cawls of 
wigs. This must be drawn close. 

12. A bowline knot. {Fig. 12. PL XVII.) When this is drawn 
close, it makes a loop that will not slip. This Serves to hitchover 
any thing. 

13. A wale knot {Fig. 13. PL XVII.) is made with the fhree 
strands of a rope, so that it cannot slip. When the rope is put 
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tliroagh a hole, this knot Iweps it ftvm slipping ihrougfa. If 
the three strands are nrou^t round once oc twice more, after 
^ same manoer^t is called cnmming. By this means, the knot 
ii miide bigger and stronger. A thumb knot, art. 1, may be ap- 
plied to Ae game use as this. 
Conce^Dg the strength of lopes, see the latter end of Section 

vni. 
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SECTION TWELFTH. 

THE POWERS AND PROPERTIES OF COMPOUND 
ENGINES; OF FORCES ACTING WITHIN THE 
MACHINE ; OF FRICTION. 



power 
power i 

pound 



inr SIMPLE HACBIKE, OF 

let the compound machine be divided into all its simple 
Ic powers ; and, in Ihe first, let the power he 10 the weight 

B. Then, considering the weight B in the first, as the 
in the second, to which it is equal (by Ax. 3.) let that 
n the second machine be to the weight us B to C. Tbeo, 

the fir:st power A is to th« second weight C, in the coat- 
ratio of A to B and B to C. In liKfe manner, if th« 
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height in the second be taken for the power in the third, and this 
power be to the weight as C to D ; then the first jpoivvr A is to 
the last weight D, in the compound ratio of A to 1^ B to C, and 
C to D^ and so on through the whole. 

Cor, In any mackme, tamipoud of wkeelsy the power it to the 
^veight, in the compound ratio of the diameter of the axle where the 
'height it appliedy to the diameter of that were power it applied ; and 
the number of teeth m the pinion of each axis, beginning at the 
power, to the nimber of teeth in each wheel they work in, till you 
Come at the ^oeight* 

Or, instead £7 the ttxth, you may take their diameters, 

PROP. CXVI, 

Xf THE POWER Airii WEIGHt BK IN SQUILIBEIO ON ANY MACHINEy 
IF THET BS IJTT ' IN MOTIOVy THS VELOCITT OF TBE WEIGHT 

WILL BE Vi^mjer ia^ruM fower, as the power is to the 

WEIGHT. ' 

For, since they are in equilibrio, one of them cannot of itself 
Xnove the other; therefore^ if they be put into motion, the mo- 
omentum, or quantity of niotion of the weight, will be equal to that 
CDf the power ; and, therefore, their velocities will be reciprocally 
^ their quantities. 

Cor, 1. Hence, itfollowt, that if amy weight it moved by help of 
<z machine, what is gamed in power is lost in time. 

For in whatever proportion the power is less than the weight, 
in the same proportion will the weight be slower than the 
power. 

Cor. 2. Hence, the motion of the weight is not at all increased by 
any engine, or mechanical instrument; only the velocity of the 
weight is so much diminished thereby, that the quantity of motion of the 
weight may not exceed the quantity of motion of the power. And, 
tha^ore, it is a vain fancy for any one to thiim that he can move a 
great weight with a little power, and with the same velocity as with 
a greater power. 

For the advantage gained by the power is lost by the velocity. 
If any power is able to raise a pound with a given velocity, it is 
impossible, by the help of any machine whatever, that the same 
power can raise two pounds with the same velocity. Yet, it may, 
by help of a machine, be made to raise 2 pounds with half that 
velocity, or even 1000 pounds with die thousand^ part of the 
velocity. But still there is no greater quantity of motion pro- 
duoid, when 1000 poimds weight is moved, thaa when 1 pound : 
the 1000 pounds Mng pioportioiiany sl«^ww. ^I%0 power and 



152 POWERS OF ENGINES. SectXlX 

use of machines consists only in this, that by their means the v^" 
locity of the weight may be diminished at pleasure, so that ^ 
given weight may be moved vrith a given power, or that with ^ * 
given force any given resistance may be overcome. Mechanic 
instruments being only the means whereby one body communi- 
cates motion to another, and not designed to produce a motiv > 
tliat had no existence before. 

Cor. 3. Hence, also, it is plain, that a given power or quantity 
of force, applied to move a heavy body by help of a machine, ca^ 
produce .no greater quantity of motion in that body, than if' thtr 
force was immediately applied to the body itself; nor not quite s-^ 
vmch, by reason of the Jrtction and resistance of the engine, Ani0 
if the power be given, you may chuse whether you will move ^ 
greater weight with a less velocity, or a less weight with a greater 
velocity. But to do both, is utterly repugnant to the eternal laws op 
nature, 

PROP. CXVII. {Fig, l/P/. XVIII.) 
If any machine CD, is to be moved by the help of levers^ 

WHEELS, &C ; AND IF THE POWER THAT MOVES IT ACTS IN— 
TIRELY WITHIN THE MACHINE, AND EXERTS ITS FORCE AO A INST 
SOME EXTERNAL OBJECT B; THEN THE FORCE APPLIED WITHIN 
TO MOVE THE MACHINE, WILL BE JUST THE SAME AS IF THE 
MACHINE WAS AT REST, A^D THE OBJECT 6 WAS TO BE MOVED ; 
SUPPOSING B TO BE AS EASILY MOVED AS THE MACHINE. 

For, suppose first, the lever AFB to be fixed, and to make a 
part of the machine ; and let the external ^ force acting at 6, 
which is capable to move the machine, be 1. Now, suppose the 
lever AFB, moveable about F, and a force applied at A, so great 
as to act at B, with the force 1 ; then the action and re-action at 
B being the same as before, it is plain the machine will be moved 

BF 

as before. But the force now acting at A, is — X 1 ; just the 

same as if the point F were lixed, and B was to be moved. And 
if more levers, or any number of wheels be added, the thing wfll 
still be the same. 

Otherwise. 

Let the absolute force to move the machine be 1, and the force 
acting at A hef; and let us first consider it as acting out <rf the 
machine ; then B being fixed, is the fulcrum ; therefore the force 
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in the machine, it will not be urged forward with all this force. 
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acting at F, is x /. Now, if the acting force be considered 

FB 
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fo the le-action will be equal to^; the powor at A. Therefore 

tbe absolute force the machiae is moved with, is x f-^f 

FB "^ 

or ^^^^^ X /, that is J^ x/, but this is = 1, therefore 

FB 




Cor, 1 . Hence, if the absolute external force, to move any boify or 
machine, be given, and the machine is to be moved by an internal 
power ; that power may be found, by supposing the machine at rest, 
fmd the external object B was to be removed, and to require the same 
absolute force to move it. 

For it is the same thing, as to the power, whether the machine, 
or the external object, be moved, whilst the other is at rest. 

Cor. 2. If the power acting within the machine be not communi- 
€Xited to some external object, it will have no force at all to move the 
mtachine. And any force that both begins and ends within it, does 
mathing at all to move it. « 

For the power acting only against some part of the machine, 
wiU be destroyed by the contrary and equal re-action. And the 
body being acted on by these equal and contrary forces, will not 
be moved at all. Thus, if a man^ sitting in the head of a boat, 
puU the stem towards fayun by a rope, the boat will not be moved 
at all out of its place by that force. 

PROP, cxvin. 

To DETERMIHE THE FRICTION, AND OTHER IRREGULARITIES IN 

MECHANICAL ENGINES. 

The propositions, hitherto laid down suppose all bodies per- 
fectly smooth, that they slide over one another without any 
friction, and move fieely without any resistance. But, since 
there is no such thing as perfect smoothness in bodies, therefore, 
in rubbing against one another, they meet with more or less 
friction, according to their roughness ; and, in moving in any 
medium, will be resisted according to the density of the medium. 
Even ropes going over pullies cannot be bended without some 
force. 

Among machines, some have a great deal more friction than 
others, and some very little. Thus, a pendulum has little or no 
friction, but what arises from the resistance of the air. But a 
carriage has a great deal of friction. For, upon plain ground, 
a loaded cart requires the strength of several horses to draw it 
along, and all, or most, of this force is owing to its friction. 



\ 
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AU compounded machinei have a great deal of friction, an^ 
so much the more, as they consist of more parts that rub again^^ 
one another; and there is great variety in several sorts of bodied ^ 
as to the quantity of friction they have, and even in the sam 
bodies under different circumstances; upon virhich account^ i 
will be impossible to give any standing rules by which its quan- 
tity can be exactly determined. All we can do is to lay d 
such particular rules, as have been deduced from experiments^ 
made upon particular bodies, which rules will require some vari — 
ation under different circumstances, according to the judgmenC=^ 
and experience of the artist. 

1 . Wood and all metals, when oiled or greased, have nearly 
the same friction ; and the smoother they are the less friction, 
they have. Yet metals may be so far polished as to increase 
friction, by the cohesion of their parts. 

Wood slides easier upon the ground in wet weather Aan in 
dry, and easier than iron in dry weather : but iron slides easier 
than wood in wet weather. Lead makes a great deal of resist- 
ance. IroD, or steel, running in brass, makes the least friction or 
any. In wood acting against wood, grease makes ih.e motion 
twice as easy, or rather two-thirds easier. Wheel naves greased 
or tarred, go four times easier than when wet. 

Metals oiled make the friction less than when polished, and 
twice as little as when unpolished. 

In general, the sofler or rougher the bodies, the greater is their 
friction. 

2. As to particular cases, a cubic piece of soft wood of eight 
pounds weight, moving upon a smooth plane of soft wood, at the 
rate of three feet per second, its friction is about one-third the 
weight of it. But, if it be rough, the friction is little less than 
half the weight. 

Upon the same supposition, other soft wood upon soft wood, 
very smooth, the friction is about a quarter the weight. 

Soft wood upon hard, or hard upon soft, one-fifSi or one-sixth 
the weight. 

Hard wood upon hard wood, one-seventh or one-eighth the 
weight. 

Polished steel moving on steel or pewter, a quarter the weight : 
moving on copper or lead, one-fifth the weight; on brass, one- 
sixth the weight. Metals of the same sort have more friction than 
different sorts. 

The friction, ceteris paribus, increases with the weight, almost 
in the same proportion. The friction is also greater with a greater 
velocity, but not in proportion to it, except in very few cases. A 
greater surface also causes something more friction, with the same 
weight and velocity. Yet friction may sometimes be increased 
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t>jr having too little surface to move od, as upon clay, &c. where 
t£e body sinks. 

3. The friction arising from the bending of ropes about ma- 
Gfainesy differs according to their stiffoess, the temper of the 
'^^eather, degree of flexibility^ &c. but, ceteris paribmy the force 
or difficulty of bending a rope is as the square of the diameter 
of the rope, and its tension, directly ; and the diameter of the 
-^Under, or pulley, it goes about, reciprocally. 

A rope of one inch diameter, whose tension, or weight draw- 
ing it, u 51b. going over a pulley three inches diameter, requires 
a force of lib. to bend it. 

4. The resistance of a plane moving through a fluid, is as 
the square of the velocity ; and (putting v =: velocity in feet, in 
a second) it is equal to the weight of a column of the fluid, whose 

base is tiie plane, and height And, in a globe, it is but half 

64 
so much. 

5. The friction of a fluid running through a tube is as the velo- 
city and diameter of the tube. 

But the friction is greater in respect to the quantity of the fluid, 
in small tubes, than in large ones; and that, reciprocally, as their 
diameters. But the absolute quantity of the friction in tubes, is 
but very small, except the velocity be very great, and the tube 
very long. 

But, if a pipe be divided into several lesser ones, whose num- 
ber is n, the resistance arising from the friction will be increased 
as i^n ; for the area of the section of any one pipe, will be 

; and the friction, being as the circumference, will be as 

n 

J n 

; and, therefore, the friction in all of them will be > 

or as i^n. 

6. As to the mechanic powers : the single lever makes uq re- 
sistance by friction ; but it, by the motion of the lever in liftiDg, 
the frdcrum or place of support be changed further from the 
weight, the power will be decreased thereby. 

7. In any wheel of a machine, running upon an axis, the 
friction on the axis is as the weight upon it, the diameter of 
the axis, and the angular velocity. This sort of friction is but 
small. 

8. In the pulley, if j?, ^ be two weights, and q the greater ; and 

if W =s J??L, then W is the weight upon the axis of the single 

pulley, and it is not increased by die acceleration of the weight 
9, but remains always the same. 
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TTie friction of the pulley is very conBiderable, when the sheaves 
rub against the blocks, and by the wearing of the holes and 
axles. 

The friction on the axis of the pulley is as the weight W, its 
angular velocity, the diameter of the axis directly, and the dia- 
meter of the pulley inversely. A power of lOOlb. with the addi- 
tion of 50lb. will but draw up 5001b. with a tackle of five. 

And 15 lb. over a singe pulley will draw up only 14 lb. 

9. In the screw there is a great deal of friction. Those with 
sharp threads have more friction than those with square threads. 
And endless screws have more than either. Screws with a square 
thread raise a weight with more ease than those with a sharp 
thread. 

In tlie common screw the friction is so great, that it will sus- 
tain the weight in any position given, when the power is taken 
off. And, therefore, the friction is at least equal to the power. 
From whence it will follow, that, in the screw, 

The power must be to the weight or resistance, at least as twice 
the perpendicular height of a thread to the circumference de- 
scribed by one revolution of the power, if it be able to raise the 
weight, or only sustain it. This friction of the screw is of great 
use, as it serves to keep the weight in any given position. 

10. In the wedge, the friction is at least equal to the power, 
as it retains any position it is driven into; therefore, in the 
wedge, 

The power must be to the weight, at least, as the base to the 
height, to overcome any resistance. 

1 1 . To find the friction of any engine, begin at the power, and 
consider the velocity and the weight at the first rubbing part ; and 
estimate its quantity of friction by some of the foregoing articles. 
Then proceed to the next .rubbing part, and do the same for it 
And so on through the whole. 

And note, something more is to be allowed for incrlaase of 
friction, by every new addition to the power. 

Cor. Hence will appear the difficultly or rather impossibilityy of a 
perpetuxil motion, or such a motion as is to continue the same for 
ever, or, at least as long as the materials will last that compose the 
moving machine. 

For such a motion as this ought continually to return undimi- 
nished, notwithstanding any resistance it meets with, which is im- 
possible ; for, although any body once put into motion, and mov- 
ing freely without any resistance, or any external retarding force 
acting upon it, would for ever retain that motion. Yet, in feet, 
we are certain, that no body or machine can move at all without 
some degree of friction and resistance. And; therefore, it must 
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follow, that from the resistance of the medium, and the friction of 
the parts of the machine upon one another, its motion will gra- 
dually decay, till, at last, all the motion is destroyed, and the ma- 
chine is at rest. Nor can this be otherwise, except some new 
active force, equal to all its resistance, adds a new motion to it. 
But that cannot be from the body or machine itself; for then the 
body would move itself, or be the cause of its own motion, which 
is absurd. 

PROP. CXIX. 

To CONTRIVE A PROPER MACHINE THAT SHALL MOVE A OIVEN 
WEIGHT WITH A GIVEN POWER, OR, WITH A GIVEN QUANTITY 
OF FORCE, SHALL OViRCOME ANY OTHER GIVEN RESISTANCE. 

If the given power is not able to overcome the given resistance, 
when directly applied, that is, when the power applied is less 
than the weight or resistance given, then the thing is to be per- 
formed by the help of a machine made with levers, wheels, putUes, 
screws, &c. so adjusted, that when the weight and power are 
put in motion on the machine, the velocity of the power may be 
at least so much greater than that of the weight, as the weight 
and friction of the machine, taken together, is greater than the 
power. For on this principle depends the mechanism or contri- 
vance of mechanical engines, used to draw or raise heavy bodies, 
or overcome any other force. The whole design of these being 
to give such a velocity to the power in respect of the weight, as 
that the momentum of the power may exceed the momentum of 
the weight. For, if machines are so contrived that the velo- 
cities of the agent and resistant are reciprocally as their forces, the 
agent will just sustain the resistant ; but, with a greater degree of 
velocity, will overcome it. So that, if the excess of velocity 
in the power is so great as to overcome all that resistance 
which commonly arises from the friction or attrition of con- 
tiguous bodies, as they slide by one another, or from the cohe- 
sion of bodies that are to be separated, or from the weights of 
bodies to be raised, the excess of the force remaining, after all 
these resistances are overcome, will produce an acceleration of 
motion proportional thereto, as well in the parts of the machine, 
as in the resisting body. Now, how a machine may be contrived 
to perform this to the best advantage, will appear from the fol- 
lowing rules. 

1. Having assigned the proportion of your power and the 
weight to be rais^, the next thing is to consider how to com- 
bine levers, wheels, puUies, &c. so that, working together, they may 
be able to give a velocity to the power, which shall be to that of 
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the weight, something greater than in the proportion of the 
weight to the power. This done, you must estimate your quan- 
tity of friction, by the last Prop. ; and if the velocity of the power 
be to that of the weight, still in a greater proportion, than the 
weit^ht and friction taken together is to the power, then your 
machine will be able to raise the weight And note, this pro- 
portion must be so much greater, as you would have your engine 
work faster. 

2. But the proportion of the velocity of the power and weight, 
must not be made too great neither. For it is a fault to give a 
machine too much power, as well as too little ; for if the power 
can raise the weight, and overcome the resistance, and the engine 
perform its proper effect in a convenient time, and works well, 
it is sufficient for the end proposed. And it is in vain to make 
more additions to the engine, to increase the power any further ; 
for that would not only be a needless expense, but me engine 
would lose time in working. 

3. As to the power applied to work the engine, it may be 
either a living power, as men, horses, &c., or an artificial power, 
as a spring, &c., or a natural power, as wind, water, fire, weights, 
&c. 

When the quantity of the power is known, it matters not, as to 
the effect, what kind of power it is. For the same quantity of 
any sort will produce the same effect ; and different sorts of 
powers may be applied, in an equal quantity, a great variety of 
ways. 

The most easy power applied to a machine is weight, if it be 
capable of effecting the thing designed. If not, then wind, wa- 
ter, &c., if that can conveniently be had, and without much ex- 
pense. 

A spring is also a convenient moving power for several ma- 
chines; but it never acts equally as a weight does; but is 
stronger, when much bent, than when but a little bent, and 
that in proportion to the degree of bending, or the distance it is 
forced to. But springs grow weaker by often bending, or 
remaining long bent ; yet they recover part of their strength by 
lying un^nt. 

The natural powers, wind and water, may be applied with vast 
advantage to the working of great engines, when managed with 
skill and judgment. The due application of these has much 
abridged the labours of men ; for there is scarce any labour to be 
performed, but an ingenious artificer can tell how to apply these 
powers to execute his design, and answer his purpose. For any 
constant motion being given, it may, by a due application, be 
made to produce any other motions we desire. Therefore, these 
powers are the most easy and useful, and of the greatest benefit 
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to mankind. Besides, they cost nothing, nor require any repeti- 
tion or renewing, like a weight or a spring, which require to be 
wound up. When these cannot be had, or cannot serve our end, 
we have recourse to some living power, as men, horses, &c. 

4. Men may apply their strength several ways, in working a 
inachine. A man of ordinary strength, turning a roller by the 
handle, can act for a whole day against a resistance equal to 
30 lb. weight ; and, if he works ten hours in a day, he will raise 
a weight of 30 lb. 3^ feet in a second ; or, if the weight be 
greater, he will raise it so much less in proportion. But a 
man may act, for a small time, against a resistance of 50 lb., or 
taore. 

If two men work at a windlass, or roller, they can more easily 
draw up 70 lb. than one man can 30 lb. provided the elbow of 
one of the handles be at right angles to that of the other. And, 
with a fly or heavy wheel applied to it, a man may do one-third 
part more work, and, for a little while, act with a force, or over- 
come a continual resistance of 80 lb. and work a whole day when 
the resistance is but 40 lb. 

Men used to carrying, such as porters, will carry, some 150 lb., 
others 200 or 250 lb. according to their strength. 

A man can draw about 70 or 80 lb. horizontally ; for he can 
but apply about half his weight. 

If the weight of a man be 140 lb. he can act with no greater a 
force in thrusting horizontally, at the height of his shoulders, than 
271b. 

As to horses. A horse is, generally speaking, as strong as five 
men. A horse will carry 240 or 270 lb. 

A horse draws to greatest advantage when the line of direc- 
tion is a little elevated above the horizon, and the power acts 
against his breast ; and can draw 200 lb. for eight hours in a day, 
at two miles and a half in an hour. If he draw 240 lb. he can work 
hut six hours, and not go quite so fast. And, in both cases, if he 
carries some weight, he will draw better than if he carried 
Done. And this is the weight a horse is sspposed to be able to 
draw over a pulley, out of a well. In a cart, a horse may draw 
1000 lb. 

The most force a horse can exert is, when he draws something 
above a horizontal position. 

The worst way of applying the strength of a horse, is to make 
him carry or draw up hill. And three men, in a steep hill, 
carrying each 100 lb. will climb up fester than a horse with 
300 lb. 

Though a horse may draw in a round walk of 18 feet diame- 
ter, yet such a walk ^ould not be less thab 25 or 30 feet dia- 
meter. 
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5. Every machine ought to be made of as few parts, and those 
as simple as possible, to answer its purpose ; not only because 
die expense of making and repairing will be less, but it will also 
be less liable to any disorder. And it is needless to do a thing 
with many, which may be done with fewer parts. 

6. If a weight, is to be raised but a very little way, the lever b 
the most simple, easy, and ready machine. Or if the weight be 
very great, the common screw is most proper. But if the weight 
is to be raised a great way, tlie wheel and axle is a proper power, 
and blocks and pullies are easier still ; and the same may be 
done by help of the perpetual screw. 

Great wheels, to be wrought by men or cattle, are of most use 
and convenience when their axles are perpendicular to the 
horizon ; but, if by water, &c., then it is best to have their axles 
horizontal. 

7. As to the combination of simple machines together, to make 
a compound one : though the lever, when simple, caimot raise 
a weight to any great height, and, in this case, is of little ser- 
vice, yet it is of great use when compounded with others. Thus, 
the spokes of a great wheel are all levers perpetually acting ; and 
a beam fixed to the axis to draw the wheel about by men or 
horses, is a lever. The lever, also, may be combined with the 
screw, but not conveniently with pullies, or with the wedge. 
The -wheel and axle is combined with great advantage with 
pullies. The screw is not well combined with pullies ; but the 
perpetual screw, combined with the wheel, is very serviceable. 
The wedge cannot be combined with any other mechanical 
power ; and it only performs its eflfect by percussion ; but this 
force of percussion may be increased by engines. 

P,uUies may be combined with pullies, and wheels with 
wheels ; therefore, if any single wheel would be too large, and 
take up too much room, it may be divided into two or three 
more wheels and trundles, or wheels and pinions, as in clock- 
work, so as to have the same power, and perform the same 
effect. 

In wheels with teeth, the number of teeth that play together in 
two wheels, ought to be prime to each other, that the same teeth 
may not meet at every revolution. For, when different teeth 
meet, they, by degrees, wear themselves into a proper figure ; 
therefore they should be contrived, that the same teem meet as 
seldom as possible. 

8. The strength of every part of the machine ought to be made 
proportional to the stress it is to bear ; and, therefore, let every 
lever be made so much stronger, as its length and the weight it is 
to support is greater. And let its strength diminish proportion- 
ally from the fulcrum, or point, where the greatest stress is, to eaich 
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rhe axles of wheels and pullies must be so much stroDger, as 
re to bear greater weight. The teeth of wheels, and the 
i themselves, which act with greater force, must be propor- 
tronger. Aud in any combination of wheels ana axles, 
their strength diminish gradually from the weight to the 
, so that the strength of every part be reciprocally as the 
iy it has. The strength of ropes must be according to their 
Q, and that is as the squares of their diameters, (see the end 
:t. VIII.) And, in general, whatever parts a machine is 
)8ed of, the strength of every particular part of it mubt be 
ed to the stress upon it, according to Sect. VIII. Therefore, 
lare beams, the cubes of the diameters must be made propor- 
to the stress they bear. And let no part be stronger or 
- than is necessary for the stress upon it ; not only for the 
nd well-going of the machine, but for the diminishing the 
n. For all superfluous matter in any part of it, is nothing 
dead weight upon the fnachine, and serves for nothing but 
g its motion. And he is by no means a perfect mechanic, 
oes not only adjust the strength to the stress, but also con- 
all the parts to last equally well, that the whole machine 
lil together. 
To avoid friction as much as possible, the machine ought 

> have any unnecessary motions, or useless parts ; for a 
)licity of parts, by their weight and motion, increase the 
n. The diameters of the wheels and pullies ought to be 
and the diameters of the arbors or spindles they run on, 
all as can be consistent with their strength. All ropes and 
must be as pliable as possible, and for that end are rubbed 
ar or grease ; the teeth of wheels must be made to fit and 

> the openings, and cut in the form of epicycloids. All the 
where the motion is, and all teeth where they work, and all 
that, in working, rub upon one another, must be made 
h ; and, when the machine goes, must be oiled or greased* 
>int is to go pretty stiff and steady, rub a little grease upon 

5 axis a {Fig. 2. PL XVIII.) of a wheel may have its fric- 
iiminished, by causing it to run on two rollers, B, C, turn- 
rand with it, upon two centres. 

ewise, instead of the teeth of wheels, one may place little 
s, as A, B, {Fig. 3. PL XVIII.) running upon an axis in its 
i. And this vnll take away almost all the, ihction of the 
And, in lanterns or trundles, the rounds may be made to 
ibout, instead of being fixed. 

all machines with wheels, the axles or spindles ought not 
ke, which they will do, if they be too short. And their ends 
just to fill their holes. 
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When the teeth of a wheel are much wora away, it makes that 
wheel move irreeularly about, increases the friction, and requires 
more force, and may cause the teeth of two wheels to run foul 
upon one another, and to stop their motion, and endanger break- 
infir the teeth. 1 o prevent this, proper care should be taken to 
dress the teeth, and keep them to their proper figure. 

to. When any motion is to be long continued, contrive the 
power to move or act always one way, if it can be done. For 
this is better and easier performed than when the motion is inter- 
rupted, and the power is forced to move, first, one way and then 
another, because every new change of motion requires a new 
additional force to effect it. Besides, a body in motion cannot 
suddenly receive a contrary motion, without great violence. And 
the moving any part of the machine contrary ways by turns, with 
sudden jerks, tends only to shake the machine to pieces. 

11. In a machine that moves always one way, endeavour to 
have the motion uniform. Some meAods of doing this may be 
seen in Prop. CXIII. and if one uniform motion be required 
to produce a motion either uniform or accelerated, some light 
may be had from Prop. CXI. Likewise how to communicate 
motion, consult Prop. CX. And to change the direction, see 
Prop. CXII. 

12. But when the nature of the thing requires that a motion is 
to be suddenly communicated to a body, or suddenly stopped, to 
prevent any damage or violence to the engine, by a sudaen jolt, 
let the force act against some spring, or beam of wood, which 
may supply the place of a spring. 

13. In regard to the size of the machine, let it be made as large 
as it can conveniently. The greater the machine, the exacter it 
will work, and perform all it motions the better. For there will 
always be some errors in the making, as well as in the materials, 
and, consequently, in the working of the machine. The resist- 
ance of the medium in some machines has a sensible effect But 
all these mechanical errors bear a less proportion to the motion 
of the machine, in great machines than m little ones, being nearly 
reciprocally as their diameters, supposing they are made of the same 
matter, and with the same accuracy, and are equally well finished. 
Therefore, in a small machine, they are more sensible, but in a 
great one almost vanish. Therefore, great machines will answer 
better than smaller, in all respects, except in strength, for the 
greater the machine the weaker it is, and less able to resist any 
violence. 

14. For engines that go by water, it is necessary to measure 
the velocity and force of the water. To get the velocity, drop in 
pieces of sticks, &c., and observe how far they are carried m a 
second, on any given time. 
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But if it flow through » hole in a resenroir or standing reoep- 
tacle of water, the velocity will be found from the depUi of the 
hole below the sur^ice, by Cor. 2. Prop. XCVII. ; and its force 
by Cor.l.Prop.CVlI. 

Thus, let s r: 16 i^fiet, v =: velocity of the fluid per second. 
B =z the area of the hole. H ^ height of the water ; all in feet. 
Then the velocity v ^0/2sii; and its force r: the weight of the 

quantity ^ B or HB of water, or r:: 1. HB hundred weight : 

2« 112 

because a cubic foot is zz 62A lb. avoirdupois. Also, a hogshead is 

about 8^ feet, or 531 lb. and a tun is four hogsheads. 

When you have but a small quantity of water, you must con- 
trive it to fall as high as you can, to have the greater velocity, 
and, consequently, more force upon the engine. 

15. If water is to be conveyed through pipes to a great dis- 
tance, and the descent be but small, so much larger pipes must be 
used, because the water will come slow. And these pipes ought 
not to be made straighter in some places than others ; for the 
quantity of water conveyed through them depends upon the big- 
ness of the bore at the straightest place. 

Pipes of conduct coming directly from an engine, should be 
made of iron, with flanches at the ends to screw them together, 
with lead between, or else of wood ; for lead pipes will bulge out 
at every stroke of the engine and burst ; but pipes next a jet 
must be lead. Pipes should not turn off at an angle, but gra- 
dually in a curve ; pipes of elm will last twenty or thirty years in 
the ground ; but they must be laid so deep that the frost may 
not reach them, or else the water must be let out, otherwise the 
frost will split them. 

Tlie thickness of any pipe must be as the diameter of the bore, 
and also as the depth from the spring. For a lead pipe of 6 inches 
bore, and 60 or 70 feet high, the thickness must be half an inch; 
and in wooden pipes 2 inches. 

Water should not be driven through pipes 'faster than four feet 
per second, by reason of the friction of the tubes. Nor should it 
be much wire-drawn, that is, squeezed through smaller pipes ; 
for that creates a resistance, as the water-way is less in narrow 
pipes. 

And in pump work, where water is conveyed through pipes 
to higher places, the bores of the pipes should not be made too 
straight upwards ; for the straighter they are near the top, the less 
water will be discharged; nor should the pipe that brings the 
water into the pump be too straight, for the same reason. The 
wider these are, the easier the pump works. 

When pipes are wind bound, that is, tHien auT ii' lodged in 
them that the water can hardly pass, it mviii bfe disdiatg^ {tixtB: 
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Going from the spring till you come to the first rising of the 
ground, dig it open till the pipe be laid bare ; then, With a nail 
driven into it at the hi^he8t part, or rather a little beyond, make 
a hole in the top, and all the air will blow out at the hole, and 
when the water comes, batter up the hole agraiii. Do the same 
at every eminence, and all the air will be discharged. If the wa- 
ter runs fast through the pipes, the air will be beyond the emi- 
nence ; but stopping the water, the air will ascend to the highest 
part. If air be ariven in, at first, along with the water, the nail- 
hole must be left open, or a cock placed there to open occasion- 
ally. Sometimes, a small leaden pipe is placed over the other, 
communicating with it in several places, in which is a code at top 
to open upon occ^ision. 

16. When any work is to be performed by a water-wheel 
moved by the water running under it, and striking the paddles 
or laddie boards, {Fig, 2. PL XIX.) the channel it moves in 
ought to be someihing wider than the hole of the adjutage, and so 
close to the floats on every side, as to let little or no water pass ; 
and when past the wheel, to open a little that the water may 
spread. It is of no advantage to have a great number of floats or 
paddles, for these past the perpendicular are resisted by the back 
water, and those before it are struck obliquely. The greatest 
eflect that such a wheel can perform, in communicating any mo- 
tion, is when the paddles of the wheel move with ^ the velocity of 
the water ; in which case, the force upon the paddles is f only ; 
supposing the absolute force of the water against the paddles, 
when the wheel stands still, to be 1. So that the utmost mo- 
tion which the wheel can generate, is but ^^ of that whicli the 
force of the water against the paddles at rest would produce. 
This is when the wheel is at the best ; but, oftentimes, far less is 
done. 

Machines to rs^ise water, though well made, seldom lose less 
than \ the computed quantity of water to be raised. The best 
contrived engine is scarce \ part better than the worst contrived 
engine, when they are equally well executed. 

A man with the best water engine cannot raise above one hogs- 
head of water in a minute, 10 feet high, to work all day. 

17. When a weight is to be raised with a given corporeal 
power, by means of the wheel and axle, so that the weight may 
receive the greatest motion possible in a given time ; the radius 
of the wheel and axle, and the weight to be raised, ought to be so 
adjusted, that the i-adius of the axle (EF) ; {Fig, 3. PL III.) may 
be to the radius of the wheel (AB) : ; as § the power (P) ; to 
the weight to be raised (W) : or, which comes to the same 
thing, the velocity gained by the power in descending must be | 
of the velocity whi<i would be gained by gravity in the same time. 
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aij holds good when the powei is a heavy body, as wdl 

tight; but does not take place, when the power ia some 

al active force, such as that of an elastic medium, the 

3S a spring, Su., whose weight is iocoosiderable. 

ieie prinapUi, alto, ore ven/ lo^o^i <"«' neceaary to be 

here water-TBOrk) are concerned. 

reasure of the atmosphere upon a square inch is ll.T lb. 

: ft medium. 

eight of a column of water, equal to the weight of the 

sre, is 11 iyerda. 

■K foot of water weighs 62^ lb. onoird. and contains 6.128 

gallon of water contains 2B2 incha, and weighs lO.a lb. 

of water, ale measure, weighs 1 ,1 tun aooird, at 63 gal- 
hogshead. 

ndcT of water a jrard high, and d inches in diameter, cod- 
dd ale gallons, and weighs jV ddpoun^ onoird. 





SECTION THIRTEENTH., r. 

THE DESCRIPTION OF COMPOUND MACHINJES 
OR ENGINES, AND THE METHOD OF COM- 
PUTING THEIR POWERS OR FORCES; TPlj^ 
SOME ACCOUNT OF THE ADVANTAGES AND 
DISADVANTAGES OF THEIR CONSTRUCTiO'N- 



I TO coM^mfe 



There are two things required t 
engineer. The first is, a good inv 

parts of a machiDe, to perform its motions ana enecis in me 
most simple and easy manner. The next is, to be able to cbiif- 
pule the power or force of it, to know whether it can realljr pe^ 
form the effect expected from it, or not. The foundation ofboth 
these has been already laid down in this book. What m inii to 
be necessary farther is, tn give some examples in piaetica,-1^ 
shewing the construction of several mechanic enginM, and OOia- 
puting their powen. As there ii great skill and sapwity iD«ao- 
triving fit and proper ways to perfijnn any motion, so this i» prin- 
cipally to be attained by practice, and a thorough acquaintance 



vr^:^ 
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with lORclunet of tevenl kinds. I ahaU^ tfaerafere, giT^ ^me* 
cbmieftl -emftnielioii of several soits of machinesy mtdt Ibr sev»^ 
nl difl^rmt parposes, winch will assist the leader's iDTentioii, 
and gire him some idea how he may proceed in contriving ama- 
dune lor any end proposed. Of which I shall only give a short 
eaq danaU oD of the principal parts, not troubling the reader with 
any description ^ meir minater ones, nor how tiiey are Joiaed 
togcAer, or strengthened, &c. It is sufficient here to mw the 
disposition and nature of the principal members; die rest belofags 
to carpenters, joiners, smiths, &c. and is easily understood 1^ 
any one. 

To compute their powen. 

1. As to ample madiines ; they are easily accounted for, and 
dieir Ibices computed, by the properties of the mechanic powers. 

2. For compound machines; suppose any machine dii^ed 
into all the simple ones that compose it. Then b^n at the 
power and call it 1 ; and, by the properties of the medianic 
pofwers, find die force wi^ which the nrst simple machine acts 
apon. the .second, in numbers. Then call this mrce 1, and find 
tiba fi>cce it acts upon the third, in numbers. And putting this 
tooe 1, find the force acting on the fourth, in numbers ; and 
iO oa to the last Then multiply all these numbers together^ the 
nodnct will give the force of the machine, supposing the first 
powe f 1. 

8. When puUies are concerned in the machine, all the parts of 
die same running rope, that go and return about several pullies, 
fie^ and without interruption, must be all numbered alike for 
the mice. And if any rope act against several others, it moat be 
numbered with the sum of all these it acts against 

4. In a combination of wheels ; take the product of the ntmi- 
ber of teeth in all the wheels that act upon and drive odiers, for 
the power ; and the product of the teeth in all the wheds moved 
hy iMm, fo the weight. Or, instead of the teeth, take the dia* 



Or tkusy 

When a madiine is in motion, if you measure the velocity of 
4ie.wei|^nad that of the power, in numbers.; then the first 
miadim' to the second, gives the proportion of die power ^to Ihit 
vaighl* 

Otherwise thus, 

• la wheel work, there are always two wheels fixed upon one 
ttiSy or else one wheel, and a pinion, trundle, or borr^ "wbidk 
li|Miies die j^ace of a vi4ieel. Of- these two, odl that i^^eel ihe 
Immtj whidi is acted on by the power, orby some other whed; 
lad the other, on the same axis, csUed ih^fflhrner, nn^oh dUvts 
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some olhtr Ibnmd, Hien, having eithet the number of taottu^ 
t)^ aiiuii«t«r of «M^, ««Ae ^Ar /voiibo^ of WI.<A»'fcidai SfWtWt 
lwkM.;.«>>^ Mie product of ttU tk^faUomm^J^ ^-pi^l^ 'WW 
tWitfuler receives the motioiv Mkdthe follower iptres if. • *'^ -'^r: 

/{.And if the Telocity of the power or wei|rht'lBe'iMliVi]iifft 
Ttkt.thfi prodaci qf' aU the laukn,Jbr ike vtkdtif^ if tke^pelim 
mi,tie prvduct of all the foUawen^jvr the vebe^ ^iktweUH^ ■ 

Other tbings Uial era more complex and dillciHtj mnH^'WW 
Ssmd to the general laws of motion. ■ . . - .u r^,.^ 

EXAVPLZ I. 

Scissors, pinchers, &c. may be referred lo^ the lever of '& 'itrs£ 
kind. A handspike and crow are levers of the first kind. KmUja 
fixed at one end, to cut wood, bread, &e. ere levenr'^ttif'iKeAd 
kind. The bonss in animals, also tongs, aH letete'dF ^U. fl^rtf 
kind. A hammer to draw a nail is a bended lever.'!' •' •" -• . 

Example II. . . V 

A tutmUets, and a capstan in a ship, and a crmse taidnDPrav- 
goods out of a ship or boat, may be referred. to..the'.wiHiei 9tm 

axle. < ■. •. -iv S / 

Example III. . . f . ..I uyn 

AH edjfi^e (oo^s and instmments with a sharp poinf^'tb cot^^'Cfeat'^ 
sHt, chop, pierce, bore, &c. as knives, hatchets^ tclisar^ 'IMmM( 
bodkinSf &c. may be reduced to the wedge. . i . ... IJ 

Example IV. ' . .// ,X' . 

Tht bar AB {Fig. 7, P/. XVIII.) bearing a weight C, m^js^e 
refesrred to the lever, where the weight upon A:)tathe<«ttgkt 
uponB :: is as BC : to AC. . «. .'; -.-.f 

Example V. '' !" " - « 

likewise, if two hoises draw the weight W, (l%,5s j'j. ^^^^^ 
in t|ie directions A 1^ B 2,, by help of &e sudn^tree AS^ 4Mf )Wf|K, 
be referred to the lever. And thie strength or force at A^.^j|if4 
ofB:: isasBCrto AC. ', . 

Example VI. - , t vojiiv* ==■ 

ACB {Fig. 6. FLXmil.) ha kalanee,^kMt}MhM6m^^^ 
C)B being equals the weights m 1}ie two scales D, E^wlirM^mfi 
The properties of a good balance are, 1. That the points eV mi0 ' 
pension of the scales, and the centre of motion of the beam, hi ifi 
OB^ni^lipe. 2. That the bracbia or arms be exaetly of *eMriA' 
leagtlL {rem the centre of motion. 3» That ihey be ay ^o^M 
possible with conveniency. 4. That there be as litUe Kttiittki-'iil 
poaaible in the motion. 5. That the oenti^ otf gravity of the boua 
bein, or bvyt very. Utde ])likm, the centre of motioiv , ^jl^ 
they be in equililmo> when emptj. 
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Jf Mie Vrachioia AC be Uraffer tbstti thift crtHer OB^ 
vcigkt in the scale £ niiist be greatev thnn that in D, to nmV^lm 
iqniiibriunu -And tben^yDQ wiUhare a deceitful balance', ^^di 
iaiM|.4Hiptyy or loaded with unequal weights, shall renkain in 
sqoibJbna. Foi> AG : CB :: weight in £ : weight in D ; hfiAi 
mMK^ of the leTer. But changing the Weights from one «6itfe 
oiSe other will diaooTer the deceit ; for the balance will btf no 
ongerin equilibrio. 

Example VU. 

The ^eefyard AB {Fig. 8. PL XVUI.) is nothing but a lever, 
vhofje. fulcrum is C, the centre of motion. If the weight P, placed 
It J[)^iredaoe9 the beam AB to an equilibrium; and there be taken 
Jmi «qaai divisions D 1, 1 2, 2 3, 3 4, Sic. then the weight K 
yiuoed successively at 1» 2, 3, 4, &c., will equi-ponderate with 
fe^ts as VV, suspended at E^ which are, also, as the numbers 1, 
h ^ ^f ^^' respectively. Moreover, if the divisions Dl, 1 2^ 2 3^ 
loS;-bcr%tteh=r CTB; tnen^ if P be successively placed at 1^2. 
)^te.1hb weight W to balance it, will be, respectively^ equu 
o P, 2P9 3P, &c. that is to 1, 2, 3 pounds, &c. if P is a pound. 

For, by the property of the lever, CP X P+ CD X P =CP 
xWj Aatis PD X P = CB X W. And CB : PD :: P ; W, 
um^faally. Whence, if DP or Dl = CB, then W = P. If 
IJP or"l)2 = 2CB, then W =: 2P, &c. But if CB be greater 
han Dl, 1 2, &c., then vnll the constant weight P be greater 
than W, 2W, &c. 

Ihepropeities necessary for a steelyard to haVe, are these: 

1» Tnat die &Eed weight P being placed at D, where the divi- 
lioDS- begin, shall make the beam in equilibrio. 

2. That the divisions D 1, 1 2, 2 3, &c. be equal to on6 
>iiofhpr« 

J;*That CB may be of any length, provided the wei^t P be 
njfiify adjusted to it, m. sothatCB:Dl :; P: Ipound^ifW 
Wpbunds. Or CB : Dl :: P: 1 stone, if W be stones. 

4. That the beam be straight, and the upper edge in a line with 
the centres C, "B. 

SiyTbat it move easily and freely ou its centre C. 

ifiag steelyards are likewise graduated on the under sidei 
v^l^ may be used by turning them upside down. Gmnntifi 
90fL side is for small weights, and the other for great ones. And 
a^'^e is adjusted by the foregoing rules ; and all the crooks 
Itaanng at it (except the moveable one fot the weight) must gfft 
tir$e..wfiight of the beam. 

Example VIII. 



Cet^AB(i%. 9. Fl XVin.)be » i(Ae^^/f>«Mii .C%fG am 
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levers noveable about tiie poinu D, £, F, G, by applyipg Ihe 
Itand at C. S Uve stone or wei^t. II the cheese. 

If CD = .% DE = 2, FG =6, GH =: 2, Fll = l,:FHsi 4.; 
tlien, in tlie lever Cl^ D is the fulcrum. Call the power at 
C, 1 ; theo the force at E or F is £. And in the lever FG, ni^o^e 
fulcrum is (v, if the power at F be 1, the force at li is |y theie- 
fore Uic power at C, to the weight S, is as 1 to ^ X i or 3. Abo 
the weight of the stone at li, to the pressure at U, as 2 to 5, ff 1 
to ii. And the power at C, is to the pressure at H, as 1 to 3 X| 
or 7i. 

Example IX 

Let E(f {Fig. 1. PA XIX.) be a spinning wheel. Diameter of 
the rim EF = 18. Diameter of the twill dbzz2. Diametet,of 
the whorle cd zz 3 "EabY the bandgoing about the twill. £t(2F 
the band going about the whorle. Thererore, whilst the rin^p^al^ 
1 revolution, the twill makes 9, and the whorle and feathers & 
Theref re tliere are 3 revolutions of the twill, for 2 of the fea&e^ 
n. And, consequently, the difference of the revolutions wlucli is 
1, is the quantity taken up by the twill, whilst the thread ihi is 
twined by these 2 rtjvolutions of the feathers." Tlie greater /tbe 
difference of the revoiutions of the twiU and feathersf, the (iuoi;^ 
the wheel takes up. And the nearer an equality, the m6ik ^He 
twines If they make equal revolutions in the same time, she 
will not take up at all. And if the feathers make no revoluti^s, 
she will twine none. Tlie greater the proportion of the lim. to 
the whorle and twill, the faster she will do both. 

Example X. (1%. 2. P/. XIX.) 

A machine to raise a weight by the force of the running yhSter 
III, carrying the wheel LK, by means of the floats T, F. Xet'&^ 
diameter of the wheel LK be 10; of GB, 2; of DC, 11; of A^ 
3. J^t the power of the water against the floats F, be 1. Tpi^ 
the force at B, to move the wheel CD, will be 5 ; again,' if tine 
power at B, be 1, the force at A will be 3 §. Therefore the force 
of the water, to the weight W, is as 1 to 5 x 3 {, or, as 1 

tol8i. . ..': 

When the wheels and axles and weight are so adjusted, iha±^ 
velocity of tlve floats at F, is i the velocity of the water Sm, 
then the weight W will have the greatest motion of ascent p9fp^ 
ble. For, if any one thing be changed, whetj^r the iveight or 
the diameter of any wheel or axle, whilst the rest remain the 
same, the motion will be lessened. 

Example XI. {Fig. 1. PL XX.) 

In the machine FB, which raises the weight W, by xnea&s of 
the wheel EG, and ihQ perpetual screw BE, let th« cifcum- 



1^' 
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swt'xst cdWFOOfmsvomEs. m 

fetMrt'dttWiWd bytU ^w«t C be SO iniAie^ tbe diriartm of 
two threads of- (h« pcr]>etuBl screw E, be 1 inch, diameUr of 
aKwbiii-E(i^S^,onyA= S. Thei«(bre, iftbepowerat 
Cbel-.^e fcn^ 'naiog at £ totum die wheel EG wUlb»30. 
j|«d"if ihe pdwer at E be 1, (he force at D will be 2). Then^ 
fale-&o'pi*ef at C, to the weight W, is as 1 to 30 x 3t> <ri 1 to 

ifate^itis theaame Uiing, lAetherCB b« straight or orodied, 
whilM tiie distaoce BC, in ■ straight line, is (he same ; and, in 
measuring, you must always take the slraight line BC. 
Example XH. (F^. a. PL XX.) 
la a machiac compounded of wheels to raise a weight, let 
JLB=: 5, liianiiitcr of the barrel MN ~ S, the mimbei of teeUi in 
■Se' wheels and niils, as follows; CD = 10, CE = 40, FG=; 
E!,FH=:oO, KI= 12, IL= 64. Then the power applied to 
B-JB tp Uie weight W, as 1 x 10 x 12 X 12 lo5 x 40 X 50 
XMs ihal is, as 1440 to 640,000, or as 1 to 444 J. 
y put if the power was at W, to move the weight B, then th< 
Btio. trill be JDvened. For then die power will be to the force 
KB, as 444 to 1. Or, if the Telocity of B was required, you 
^ have Hie velocity ofW to that of B,as 1 to 444. 
. K - . Example XIII. {Fig 1. PI. XXI.) 

-'A machine to ndse a weight by help of tbe triangle ABSF, 
fewindlaM CC, and two pullies P, Q. Let the diameter HG 
where the rope goes, be ~ 3, radios CD =: S. Then, if die 
power at D be 1, &e fotce »t H is 5. And if the force at li, 
^Wi^ by one rope, be 1, the force at W drawn by two ropes, 
«ill be 3. Tlierefore the power at D, to the weight W, is as 1 
^VX 5 or 10. If the leg AS be waotiiw, the other two may be 
Mteainst a wall, or upheld by lopei, and then it is called a pair 

.^!.;, ; ExiKPLE XIV. (F^. a. PI. XXI.) 

•V the weight A is to be lifted by the three pnllics C, D, i^ of 
wUch C is fixed; call the power at B, 1. Then the totoe 
i MjUii ng AE is 1 ; and both together are eqnd to the fince of 
Xnr^ 3; and force DA ^ 2; whence, force DC = 4; Iike~ 
lIH^-lbrce CA = 4. Therefore the whde force acting at A is 
1'^i + A^.7, and the power at B to the weight A, as 1 to 

r~ 

Example XV. (F^. 4. PJ. )£XI.) 

In this machine, AACD is a running rope fixed at D, B a fixed 

pctita- I^t tbe power m it pulling the mpe AA b« I. . ¥haff on' 

AC li and CD 1. 11km wiA AB be S, nnd Q^ fcoiBE 4- 

And tbe w^t W oppoMng AC, BC and DCi wUl be 1 -^ -l 
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+ 1 s: 4. Whence, the power at A^ to the meifjtA W, it as 1 
to 4. 

Example XVI. {Fig. 3. PL XXI.) 

Another machine with pullies. A, a fixed pulley ; Hae endk d 
the several ropes arc fixed at B, C, D, £. Suppose the power it 
M = 1, then the ft>rce on AF, FB is 1 ; on FG, GC, 2; <» 
GH, ilD, 4 ; on HI, I K, 8. But the weight P acts against HI, 
IE) and is tlierefore = 16 : and the power is to the weight, i^ 1 
to 16. 

ScHOLiiM. — ^In a single pulley, (as Fig. 4. PL IV,) if a giTcn 
power at P was to be a weight or heavy body, which was to laise 
some other weight W, there will be the greatest motion generated 
in W, in any given time, when W z: I P. 

And in a combination of puUies, as {Fig. 7. PL IV.)if a.w:jeid4 
P was to raise another weignt W ; and if velocity of W l velocity 
of P : : { P : W ; then W will be the weight which wUl acquire 
the greatest motion in a given time, by that given power P« 

Example XVII. {Fig. 2. PL XXIL) 

Let D£ be a boat rowed by oars, and let ABC be one 'io)(r; 
Here the powers acts at A, and the pin B will be A'e fhlcrnqr; 
and the force at C, acting against the water, is that whicib giv^ 
her motion. Let the power at A be 1 ; then the force at ^C, 

by which the boat is moved, is — . Whence, the longer AK or 

the shorter BC is, so much more power there is at A to move fi^ 
forward. ■ .;; 

Therefore long oars have the disadvantage of losinff power. 
Yet the oars may be too short, as well as too long, rot li^'lfi^ 
be very short, tiie motion of the boat will allow little tokie' ttt 
strike, and they will have but small force to act against the mter 
with, in so small a time, as well as from the slow motion of titf 
end C ; which is a disadvantage on the other side. 

Example XVIJI. {Fig, 1. PL XXJI.) 

Let FR be a boat or n ship, AS a sail. Suppose a plumb4iBB ' 
drawn through the centre of gravity of the section of the ihipvBflh 
water; and another line BO, pai-aliel to the horixou aQdrtveM' 
axis or keel of the ship, and to pass through the centre ^vpnik 
sure or resistance of the ship, which she has by the vn^at iii*|ief 
motion. Let this intersect the former plumb-line in O. Thnni|;h 
C, the centre of gravity of the sail, draw CD perpendicular to me 
sa^, and CB perpendicidar to BO, and AS in the plane of .4ie 
triangle CBD. .', .v 

Tl^, if DC be the force of the wind against the sail AS,'iih9r 
DB is the force generating her progressive motioa^andBQis 
the force lifting the ship upvrards. Now, (he force DB, acting at 
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Cyia 4iMli0rJDB^«iidfeai>ioil« to turn the \dii|p toiuid en aiis 
passi^ through O, with a force which is equal to the absolute 
We BD X by the distance 'CB, or OB X BD'; and this is the 
bm by. which her bea4 is depressed. . likewise, the SomJBC, 
in oij^ection BC, endeavours to turn the ship round au axis at Q^ 
Ibecjntrww ^9^; and that with the force BC X distaaceBO, 
QH-f^.-X^BOy and this is the ibice ihat raises her head« Tto^ 
fote the.^cce to taise her head is to the force to d^en it, M 
CB X BO to CB X BD, or as BO to BD. 

Uencey if the point I) fall before O, then the sail endea- 
vooni to raise the ship's head; if it be behind O, it endeavour 
to ank. it, If it be in O, it will keep her steady. And the 
hagfii of die sail AS contributes nothing to her progressive ino> 
tion j the same ratio pf the absolute to the progressive iatce re* 
ms&is stifl as CD to DB. 

ExAWPLE XIX. {Fig. 8. PL XXII.) 

£F is a cart or carriage^ BD a rub for the wheel CAD to pass 

ofer^ AB the horiinntarplane; DB, AC perpendicular, and OD 

pacall^,to AB.; C the centre of the wheel. Then the honzon* 

tal' force required to puU the wheel over the rub BD» i& wt 

DO 

t2r.- And (he difficulty of going over rubs increases in a greater 

ratio than that of their heights. Also the higher the wheels, the 
more easiljr they pass over them'; but then they are more apt to 
overturn. . To draw the cart with the least power over the rub 
BD, it shoald not be drawn in the horizontal direction AB. os 
OD^ but; in the direction AT>* The advantage of high wheels Is, 
that . they 'pasi» the rubs most easily, and they have alsoleM ilri^* 
tiiiin,.aiid mk less in die dirt, and more easily press down tei ob* 
Steele. But their disadvanti^ is, that they easily overtom ; they 
also midce catde draw too high ; for they can apply their strengtb 
best when they draw low smd upward, as in the direction AD ; 
wluch is the advantage of low wheeb. Yet if the wheels are 
high, thuy may be made to draw low, by fixing the limmers or 
traces- as far below the axle as you will, which will then be an 
e<insl ■ advantage with, low "wheeU. For the power not pulling at 
tke • wheel, but at the carriage, may draw from any part of* it. 
Therere is another advsmtage in small wheels, that tliey are better 
to torn wi&. 

Amk^oh* with four wheels is more advantageous than a catt/ 
^nii oS^ two wheels, especially on sand, clay, &e. Narrow 
wheels- and sanow plates are a disadvantage*; Ibe broader thil 
wheels, the less they sink, and, therefore, require less dnnfAiU' 
aad^abckcut 1^ tneda less; yel thef 1aibe.i]|>..a jptai4m^ 
dirty iprfaidi doga the Guiiage. Theti ia a greet ded of finotioa lb - 
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bU caniagcfly as is evident by the foroe requii^ "to tfMP^ita 
upon plaui ground. And, for thai reason, exjpE^riende taStfkiifltf 
inform us, how much force is able to draw any carriage. Tannbe 
the resistance as small as can be, axles of iron, nmning in ixiil 
boxes in the wheel naves, go the easiest. ' - *. 

Hie spokes in the wheel ought to be a little indiniedrfllt- 
wards ; that when a wheel sinks into a rut, the spokes {bdtflQg 
then the greatest weight) may be nearly perpendicular ^ in Ue 
horizon* *. .--.■-■ 

Ttie underside of the axle-tree, where the wheels run^ OttdUlto 
be nearly in a right line ; if they slant much upward towwmiie 
ends, the wheel will work against the lin pin. Yet this (NMes 
the wheels to be further asunder at top than at bottom in ibk fut, 
because the ends of the axle-tree are conical, which is an Ipson- 
veuience. 

Example XX. {Fig. 4. PL XXH.) 

Suppose the waggon FG is moved forward, by a power acting 
within it Which i)ower turns the wheel DE by the spokes AD, 
AD, &c. and I)E turns the wheel IC, which carries the "Witmn. 
Let the power at A be 1, (hen the force acting at £ WSf be 

DA. 

___ ; also, if the power at E be 1, the force at C, by which- the 

waggon is moved, will be — _. Therefore, the power at A, 

to the force by which the waggon can be moved, is as 1 to 
~^^ ^^ . Or the power is to that force, as DE X BC to 

DA X EB. It will be the same thing, if, instead (»f teedr, the 
wheel DE carries EB by a chain going round them. Yon must 
(uppose the like wheels on the opposite sides. 
Hence, if the absolute force to move the waggon withoat, be 1, 

tlie force within, applied at A, to move it^ will be ^ ^^ 

^^ BExDA 

Example XXI. {Fig. 1. PL XXIII.) 

ABCD are the sails of a windmill, all alike inclined toT their 
common iixis, and facing the wind, and turning about in the 
order ABCD. WC the direction of the wind parallel te the 
axis EH. Since WC is perpendicular to EC, draw CF in the sail 
perpendicular to EC; then the angle WCF will be th^' angle 
of mcidence of the wind upon the sail. Therefore the'force of 
the wind to turn the sails about the axis EH, is as the sqdare of 
the sine of tije angle WCF x by its cosine. And Ae force act- 
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.illgiagi^ijt t))e ^gd)k^ $S$!^P<^ ^^ ^^ t^^us £H, is as the cube 

vffotlwr giR^.-of,'^yP! r..| gH^ sfawsi the fcWB df Ae^nfiisfct^^lMi 

-WmrIs rovnd^.iii.^s'sii^CF* x cosiiieWCP; tIttr«Me, wtaen 

Unt fiirce is the gr^test, the angle WCF will be 54^': 44V ' " 

And this is the most advantageous position of the saFhr to xttore 
Jftfenfr fiooi restyAtiti would always be so,' if the ivind struck Aem 
.itt'tbe S9aak angle 5^hen moving as when at rest. But by reason 
if fSke , swift! motioii of the sails, especially near the end Oy Ae 
wind strikes them under a far l^s angle ; and not only so, bat as 
tlMi' notion at the end G is so swift, it may strike them on the 
badonde. Tberelbrey it will be more advantageous to make the 
IMgle of inddence WCF greater, and so much more as it is fbr- 
-dittr from £. : .Therefiare, at the places n, o, G, the tangents of tiie 
-ttiiglefti:oagfat io be nearly as me distances, £n, £o, EG. And, 
dierefore, ihe sails ought to be twisted, so as at r to lie more sharp 
to the wind, and at G almost to face it. And by that means they 
will avoid the back wind. 
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Example XXII. {Fig 2. PL XXIIL) 

^'- :- 6B is a common tucking pump; GKL the handle; CD the 
booket; £^ F two clacks opening upwards. When the end L is 
put dowTi^ the end G raises the sucker or bucket CD, and the 
valve or clack F shuts ; and the water above the bucket being 
raised, the weight of tlie atmosphere is taken off the water under- 
neath in the pump. Then the pressure of the external air in the 
pit or well MN, raises the water up the pump, opens the vrive E, 
snd ascends through the hole B into the hody of the pump DB. 
Afain, when the handle L is raised, the hucket CD descends, 
the valve F opens, and lets the water ascend through it, and the 
pressure of the water shuts the valve £, so that the water cannot 
return throu^ B. Then, whilst the end L is put dcwn again, the 
sucker CD is raised again, together with the vrater above it, 
whilst more ascends through B. So that, at every stroke of the 
handle water is raised into the pump, till, at last, it flows through 

' Ae pipe H. 

If the bucket CD be more than thirty or thirty-two foot from 
the surface of the water MN in the pit, no water vdll ascend 

. above, it ; for the pressure of the atmosphere reaches no ^ther. 
Therefore it must be always within that distance^ or this pump is 
. , ipiseless for raising water. , .. 

.'.. The weight of water which the bucket lifts at each stroke i& 

•^ that of a column of water, whose height is MH, and its diameter 
\j'4uU of the bore of the pump at CD, where tiie . bucket- goes. 

... lliereSbre as GK to KL :i so the power applied 9^%, to that 
weight Therefbre, it signifies nothing where me bucket is traced,, 
as to tl^e weight of water. If a leak happeaaio tbOLbftHwo^ the 
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pfump below Uie bucket CI), the air wiU get in ani ^hiader 4be 
workinff of the pump: If above CD, ooly aone will be-lodt; 
tberefora CI) sliould oe placed low ; but then it will be bad to 
come at to rt^uiir it. 

Tht! hucket, siicker, or piston, is to be surrounded with lesh 
ther to tit exactly, and must move freely up and down in .(bs 
barrti, and mii^it, also, exactly fill it Of valves or cldcka, aove 
are tiat, m de of leather ; others are conical : and they most aU 
fit v('r\ close, and move freely. To balance the weight of watcur, 
the hill dlf KL is commonly made heavy, as of iron, with a knob 
at tlu' i'lid L. 

The bore of the pipe at B should not be too strait ; the wider 
it is, the more freely the water ascends and the easier the pump 
works. Likewise, the longer stroke the pump makes, the more 
water is raised by the same power, tiiere bang less water lost^l^y 
the valves shutting. 

Calculation of a common pump. 

Suppose LK, 3 feet ; KG, 8 inches. 

A zz II M the heiuht from the water in yards : 

100 
Then tlie diameter of the bore at D will be tr \/ inches. 

^ h 

Aad a single person will raise ^ hogsheads of water in an 
nour. ^ 

In many pumps for common use, it is not necessary to draw 
a great quantity of water, and then a smaller bore will serte, 
as three or four inches ; which will make the pump go ao mudi . 
the lighter. 

Example XXIII. {Fig, 4, P/. XXUI.) 

If a man sitting in the scale E, be in equilibrio with a w^glit 
in the scale A ; and if he thrust against the beam CB with a stKk, 
or otherw-se, in direction ED, and by that means thrusts out the 
scale E to the position BE ; then the man in the scale B will* 
over-balance the other scale A, and raise the weight. For let 
EL he perpendicular to FB ; then the force at E to turn die 
scales is to the contrary force at F, as CL to CF or CB. For it 
is the same thing, as if E was suspended at L. 

And when the perpendicular obstacle GH {Fig. 3. PL XXIII;) 
hinders the scale from going out, and the centre C is always kept 
steady, yet the scale E will still preponderate. For let ED be 
the force acting against D ; this is equivalent to the two folder 
£B, BD, acting at E and D. The force BD tending to or from, 
the centre, does nothing. But the force EB at E, acting at the 
distance CB^ Ha power ko bring down the scale E is CB X- BE« 
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Afvi-.llM^pmejfone ^ag mt D, its/powsr to paBh i^4be ic«kii 
C^ X^{BB. Ani tbsir dH^rence DB X BE is tbe absdhttB 
force.,ito. tbiunt down the scale. And this force is to the wfaeb 
thnistiDg force DE, as DB to D£. And if D wete on the etiwr 

side of C, te fbroe wdold still be DB X BE, orCB-f CD X 
Bfi. ■■ ■■" ■ ' 

■ ^'6tit-if the scale £ was not moveable about B, as if it weit 
tiiftl by Ihe cord D£ ; then no force acting against any part of the 
FB^ eoukl have any e£fect to destroy the equilibrium. 



Example XXIV. {Fig. 5, PL XXHI.) 

Suppose a roan A landing upon the plan|c CB, supported only 
a*^ A^^end C, and pulling the end B towards him by me rope EBy 
in order to keep hunself and the plank from falling. 

Imagine the man and the plank to be one body ; then the actidh 
and re-action, in direction £B, destroy one another, and his pull- 
ing does nothing. It would, therefore, be in vain for him to en^ 
deavour to support himself by that force ; for both he and the 
plank must fall down together towards D, by their own weight. 

Example XXV. {Fig. 1. PL XXIV.) 

CD is a madiine with two wheels foced to an axis DF, round 
.which goes a cord GDFE. There is a power at £ endeavouring 
to draw the machine towards £, in a direction parallel to the 
horizon HO, by the cord EF going under the axis DF. In the 
radius AH of the wheel, take AB equal to die radius of the atde 
DP, towards H, because the string goes below it. Then the force 
to moye the machine, is the same as if the string was fixed at B; 
where H is the folcrum, A the weight. Then the fooce to move 
the machine towards E, with the given power E, will be as BH. 
Therefore, it would be in vain, by pulling at the string, to endeavour 
to jBRi^e the body roll towards D, the contrary way. . But if JW 
was greater than the diameter of the wheel, that is, if B.fiiUs 
beyond II, then the force drawing towards £, would mov£ t)^ 
body towards D the contrary way. , 

If the direction of the power D£ be elevated above the horizon^ 
2Lsje, then the machine could approach or recede, titt the direo- 
tion of the string ef fell upon the point of contact H, an4;tl]^eB^:it 
would rest. . . 

Example XXVI. (Fig. 2. PL XXIV.) 

AB is an art^dd kitt, kept up by the' wind blowing in di^ee* 
tion WC. By diawinjg the string AIBtQ^ fixed at A and J^ m ■' 
kiteitrffl gain such a position, that HI prodimed-wiU j^m Uiiu«gh 
theeentieefgmvityoritsfiarfooe'aft>Cr'- D»w^ fiitspMdteate 
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to BA, and DO perpendicular to the horizon HO. Then OC is 
the direction of the fii-ce of the wind acting against the kite; atnd 
the force of the \vind to keep her up, is as the square of the sine 
of the anirli ACW or COU. Now, if DO represent the given 
weight of the kite, CO will be the force of the wind actinpr against 
her, anil CD tliu force pulling at the strin;^. The tail £F (with t 
bulit't 1* ut tlie end) being always blown from the wind, keeps her 
head always towards the wind. 

As the direction of the thread always passes through C, there- 
fore tlie ancrle ACH, and, consequently, HCO, will always be the 
same at all altitudes. And she can never ascend so high, till the 
antrje of altitude C'lIO be equal to ACH. And hence it follows, 
that the less the angle HCO is made, the higher she will rise. 
And, likewise, the greater the wind is, or the lighter the kite^ 
ceteris paribus, the higher she will rise. 

After a like manner a machine, as ab {Fig, 3. PL XXIV".), may 
be contrived, to keep at Uie top of a running water, being held by 
the string dc tied to a stone and sunk to the bottom : ab is a thin 
board, b a piece of lead to sink the end 6, but the whole most be 
lighter than water, cd an iron pin fixed at C. Or the map h^pii 
may have a loose tail ut b, heavier than water, as in the kite. 

Example XXVII. {Fig, 4. PL XXIV.) 

If AB is a machine to be moved by a power acting at C out of 
the machine, in direction DC. DF, GI two levers within the 
machine, moveable about the two fixed fulcrums £, H. 

Call the power at C, 1 ; then the force at F to move the lever 

DF 
GI, is 1. Tlien if the force at F be 1, that at the obatade I 

EF 

CH 

out of the machine is Therefore, if the power at C be";i, 

the force acting against the obstacle at I, or, which is the nadnff 

thing, the force urging forward the machine towards B^ is 

DE V f*II 

: ^ - . But the power at C draws back the machine wkLli 

EF X III 

the force 1 . Tlierefore the absolute force urging forward the m^^ 
chine is DE XGH _ ^ ^^ DE x GH - If x HI ; ;; 
EF xHI EF X HI 

PI' 

Note, if the force at F be 1, the force against II is ■ . . But 

HI 

this is not the force urging forward the machine, but to tear her 

in pieces, or to separate the fulcrums E, II, from one another* 

If there had been three levers, and the power at D, the tfiird 

had been directed towards K, the way the machine goes ; then 
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to foxcts'itfgmgifoiOTazd the imnhint. • ' -.' -^ -^[/^^ 

MrHeoice^if tiw absdlute direct fbroe to movetbeHAdiinft btt 

l^the power applied' at D, which ib able to imyve it^ wiU- be 

V EF X HI 5^^ j^^g ^^^^ ^^ p .^^ ^^^ 

VS^X GH — EF X HI ^ 

■ ' EF V HI 

the machine, this power could only be ^ : since there i» 

. "^ DE X GH 

then BO force to be deducted for drawing back the machine. 

Example XXVHI. {Bg. 5. PL XXIV.) 

DABH is a wooden bridee. AC, AD, AB, BH, BO, beams of 
timber. DE, EL, SR, RH, braces to strengthen the angles A, B. 
The stress apon any of the aisles, is ceteris parUna, so much 
greater, as the angle is greater. But the strength on any angle A^ 
is tui the |)erpendicular AP. 

^ Example XXIX. {Fig. 1. PL XXV.) 

AB a sai/iW chariot. CDEF horizontal sails, so contrived 
tiiat the sails u facing the wind may expand, and those going 
froin die winid may contract The sails are turned about by the 
wind coming from any point of the compass. These sails turn 
the axis and trundle GH. And the trundle turns the wheel IL 
by the f ogs in it ; therefore the chariot may move in any di- 
lectioA. ft is a rudder to steer with. 

Suppose the ohariot to go against the wind. Let D be thci, 
cen|j:e of pressure of the two sails C, D, the wind blows on. And 
let the power, (that is the force of the wind acting against the 
sails> be 1, then the force acting against the teeth in 11^ is 

CD . 

z. — . And this force being 1, the force at L is also 1. Ihere- 

OH ' ■ ' . . .-. J ^. ■ 

GD 
^^ute the power at D to the force at L> is as 1 to — =.. : or as OH 

OH , \ 

to GD. Now, since the mast is strained by the power fiJUpg on 
<lie saild, therefore, by this power OH, the cnariot is ^a^^ 
backward. And by the force at "L, which is GD, it is ur^3 
fbi^ward. ■ Let R be the force of tiie wind 'upon the body of TO 
chariot, together with the friction in moving* llicr^rei ifQI> 
is greater than the radius OH + R, the chariot- wiU move for- 
ward against the wind ; if less, backward. But if they be equal, 
ft will stand stiU. . • .-. >: 

Example XXX. {Fig. 2. J^iXXV.) v.i* o - .i d;H' 
. F,G a chariot or waggon to sail against ti^e ^wtot^. ', S'^^M^ 
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of a wuvlmilly turnini^ in the order l»2y3. Ab tibe nftls^ 
round, die pinion A moves B, and the trundle G moves D'l^U^ 

itas both teetii and cogs. D by its teeth moves £, and the'tMB^ 
die £ Hxed tu Uie axle-tree carries round the wheels H, I, whkdi 
move tltf; wa^^un in direction IKi, 

TIu' sails are net at an angle of 45'^, so the forc6 to turn the■^ 
and the force in direction of the axis, will be equal. This- wig^ 
gou will always go against dte windy provided yon give ibt ia3j' 
power enou^li, by the combination of tlie wheels. But then her 
niotiuii will Ik? so mudi slower. 

Example XXXI. (^Fig. 1. PLXXVl.) 

Let AB be part of a rope, cd, cd, S^x. the particular strands 
rmniin^ aUmt in a spiral manner. Let FH be the axis ol tlM^ 
rope, tiie an^le GFH or IIFK the obliquity of the -stnmds.' 
Dr^w KII, (.11 parallel to YG, FK, and draw G£K. Hiefr 
the tension uf the rope in direction 11 F, is to the stress on> «tt 
the strands in direction FG, as FH to FG + FK or FG -f OH; 
that is, as V.V to F'G. Therefore, the absolute forqe by which 
the rope is stretched, h to the strain or stress upon all: the 
strands, or upon the twisted rope, as FE is to FG; and so i^'ttiier. 
length of any part of the rope, to the correspondent length., of' 4 I 

strand. 

Hence, ropes the least twistod are strongest and bear the moiSt 
weight ; and tlie harder they are twisted the sooner they wilf 
break And, for the same reason, if they be double twistedf, they 
will be weaker still. But as it is very difficult to make alldie 
fibres pull equally without twi-ting, and impossible to make' a' 
rope hold together without it, therefore it is necessary it have as 
much, as to prevent the fibres from drawing out; and. a' 
small degree will not much impair its strength. A rope Ooh- 
sisting of several strands, is thicker when twisted, than when un- 
twisted. 

Example XXXn. (F^. 2. P/. XXVL) 

ABC a syplion or crane. If the shorter end AB be imm^raed 
in a vessel of water AD, then, by applying the mouth to. ;t^ > 

end C, and sucking till the water comes, it will continue to.ilfMf. i 

out at the end C, as long as that end is lower than the sur&oa,. - ^ 

of the water at D. If there be a mouth-piece at E, then sucJb- | 

ing at E (whilst the end C is stopped witn the finger) will make. 
the water flow, when tlie finger is tak. n ofi*. And when .the 
water has begun to flow, the hole at E should be stopped up, or 
else tlie water will flow no longer than till the sur&ce at D be as 
low as E. 

The reason of its flowing is this : the perpendicular height of 
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wnunf inter BC:beiiMilWtt*tbiftlhat«r B&:A»fnt* 

b^g ttie (use u O ind C, therefore, the gream -weight 
ill nuke itAvnotii there, wtiM the pMnore of the atmoi- 
it D (brcei more water up the tube DB ; asd ta keeps it 
»Bf tvnrang a* long w tbne is toy -nMet, and tlie end C 
tea lower t^ d>e saiface at D. Bat if C ii higher daui 
water will return back into BD. But if the iiaiiiht DQ 
tbe fwessure of the aUtcwpbere, wbkh is 30 or 9t fce^ 
caanot be made to Hon out at ibe end C ; oc if there be a 
&B syphon higher thau the sur&ca at D, the air will get 
the maier will return Ihroueh BD. Ot if tbe syphoo b» 
Me, the air will insinaate itsalf into tbe bimI C. between the 
kDdlhe tube, which will hinder it from running. T6 pra^ 
Uah,:the end G wm/ be inoiersed inu anotbiv vesni of 
lon«r than the sur&ce at D. If the eedi of tbe syptiOD be 
rrup, aa Ft G, then the water will recatia iit the lyphon, 
hu done working, wfaidit in ibe otber, will all nui oat 
" ■ E**ifftB XXXm. (Fig. a. PI XXVI.) 
jit. a vessel of water; AB a tube open at both ends, and 
Hnch diaioeler. A£ a quantity of mercury put into' tbe 
Tb'eii stopping (he ead B,let tbe other end A b» immersed 
mpv^ in the water. Tlien opening the end B, the Boer- 
iUMnk 90 deep in tbe tube, till the height of tbe water AB 
lilies the height of the mercury AE^ and then the mercury 
■.4"iest. 

the specific gravities of water and mercuiy being t and 1^ 
lUDn of nater AB will be equal in weight wiA the colufUB 
afi^ AC Tbeiefote tbe pteafiuea-atAbeiog e<pial,tbey 
stain one another. 

EuvpuXXXlV. (i%.4.PI.XXVI.} 
t, are two barometerri «rf is a mbe, to bore f or I io^ 
er, at least, close at lop, and communicaiin^ •rvith the vessel 
h mercuiy in it. C is open to ihe external air. Tlif use 
ioatiunieQt is to shew ihe weight of the atmoiipheFe, and 
iations. This tabe and Tesset wiili mercuiy, h put fnto a 
and hung perpendicidai. Neai tbe top of the lube is 
' a scale of inches, by whidi the height of the mercury in 
le if ktiowQ, and, Ucewise, a scale for the weather. At the 
'fce tube, ^ve the mercuiy, is a vacuum. Now, ihe at- 
eie ptesiii^ upon the luibce of the mercury at C, keeps. 
■tmrj anBMnded at the height d in the tube, wliich. Jiei^ 
ill be ln(peT ot lower according to tlie weight of ^e'atnu^ 
Ibeh^it oC dM meiciuj in the tube i^ geoerally 2$., S9. 
ftltiws; sndoniiBOi^. IT any air get'inlo tlii lube, ii spoils 
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the machine. Ijtat the quicksilver stick to the glass, it is good to 
drum a little with the fingers upon it, in making any ~* — ^— 



RuUifor observation of the weather. 

1. The rising of the mercury presagest fair weather. It rises 
and stands highest in serene, sunsniny, droughty weather; and in 
calm frosty weather it generally stands high. In diick fo^j wea- 
ther it often rises. 

2. Tlie falling of the mercury denotes foul weather. It gene- 
rally falls or stands low, in rainy, windy, or snowy weather. 

3. In windy weather the mercuiy sinks lowest of all, and rises 
fast after storms of wind. 

4. In very fiot weather, the falling of the mercury foreshewi 
thunder. 

5. In winter, the rising foretells frost ; and falling, in frosty 
weather, foretells thaw. 

6. In continual frost, the rising presages snow. At other 
times, it generaly falls in snowy weather. 

7. When the mercury rises after rain, expect settled serenity; 
if it descends after rain, expect broken showery weather. * 

8. When foul weather nappens soon after the fidling of the 
mercury, or fair weather after its rising, expect but little of it. 

9. In foul weather, rising fist and high, and continuing so two 
or three days before the foul weather be quite over, expect a con- 
tinuance of fair weather to follow. 

10. In fair weather, fallinfs: fast and low, and continuing two or 
three days before the rain comes, expect a great deal of wet^ endy 
probably, high winds. 

1 1 . Unsettled motion of the mercury denotes unsettled weather. 

12. The greatest height of the mercury is upon easteriy and 
north-easterly winds. 

13. The alterations are greater in northeriy parts, than ii^ die 
more southerly ; and there is little or no variation within the 
tropics. 

Example XXXV. {Tig, 5. PI XXVI.) 

ABE is an artificial fountain. A is an open vessel, B , l^ ' dos^ 
one ; E ma^ be made close by stopping the hole C ; these itMi 
all communicate by the tubes F, G. llie tube F reaches near tte 
top of E, and the tube G near the bottom of B. Pour water iM 
C almost to the top of the pipeF; and stop the hole C. IWn 
pour water into A, which will run down into B. Then open the 
cock D, and the water will spout up to the height of AB above 
D. For the air in B, F, E is condensed by the wei^t of the 
column of water AB; and its pressure on the water in C, is equal 
to the weight of that column ; and will, therefore, make the <Mer 
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lewUng to D iiii^tt>e turn^l curve. 

w*n '' ■■; B*ii(l>Ei XXKVl. (%. 8. «. XXVI.) . 

-iKja'^i^. or fti >^™«"; at A,three.or four feathas wtf 
{^cetrnearly Iii planes 'passing through the arrow. If [Fie f^ 
ttlg&,nTe exactly in, (his plane, the air could not jirike agaii;^ 
OeSa^^f Ifbeo tlie arrow is in motion. But, since tliej ate 
H^<$,^j^oti^ ^uaigtit, but always a little «3lini, whilst the 'aS 
TOH mores foTwai^, the air strikes the slant sides of the fenthecs : 
^,fO:^eiti£. leathers are turned roand, and with the teip 

: arrow or reed. So there is generated a motion ttbool 

tb^if^^pt \fmvtpy, wjtich motion will be swifter as they stvut 
more asladl 'This 'motion Is like the motion of the sails and ule 
lljL&n Wk*^ mii^ li)rned round by the wind. The headB is'mad^ 
oflead "or iron, ~aJi^ '^, therefore, go foremost in the aii; aiod 
lluij^^re^'.e^d A the bindmos^ as being lighter. An amnr 
^^^abcajLtqiit? 7^3 >° a second. 

"^^ 5 T^i'^^»«-i^^ XSXVII. (F«. 7.H xxvr.) 
(nABei^ia^icaad nhidi keeps its liquor till filled to B oertaii) 

hiiglili iiaij iffilliil liiiiliii lilii il III! £FG uta<»«N)ked 

pip*-*": 



n the pipe £F. But riaing above F, the p 
at £ will make it run out through the pipe EFG, till the O 
oiilla.«aid:da9eeDdBMlowu£. Ttus U (omatiaieB mUed :^' 
dJw'f'iif.'.Die fiinnel BFG may be put in tb« hKidlsjof ibis 
cop, which will look neater. .. i., -i ..-.- 

•.dl o; o.:p: ,. '. ...... ..rr ' • ■' 

»rt aian-'KoMrL* XXXVIU. (F^. 1. PI. XXVlIOf -j.^ >,.'- 
BC, CG are two bonet of an animal, moveable about th#^t; 
FK, by help Of the muscle KD. The joints of aniioals are either 
^^^cjl nr (irgolar, aiid the cavity they move in is accoidifiKly 
^§ff^»iJn6iX3i or circular. And ihe centre of molioji is in the 
cgdfn^M the sphere or circle, as at C. I^t W he a weight han^- 
iMjat^^nd draw CP, CK perpendiculac lo B\V, KD. TheO^^ 
iLAnrveiMit W be 5uspended by the strength pf the muscle 'K0^ 
i^inttJwasCK.-PC :: W: tension of the muscle KD. ■' 

J^ boqe BC is moved about the joinl FK, hy the stren|ih Op 
tbg/njIlsclB 'KD. For when the muscle is conlracti^d, the puuif I^ 
nfm9.v«^''towa):lls D, and (he end B towards E, ajiout the im'-, 
iqfl^^l^et'.'oentie "^ motion C, The strength of the mii.sdea»| 
furpnsingly great. ' 

BorelU, (in his book, De Mbtu Ammaiiiai,PiknI. Prop. XXlI.) 
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computes tlie force of the muscles to bend the ann at the elbow, 
and says, a strong young fellow can sustain at arm's end a weight 
of 28 Ib.y taking in the weight of the arm. And he finds the 
lengtli of CB to CK to be in a greater proportion than that of 
twenty to one. Wlience, he infers the strength of these muscles to 
be so great, as to bear a stretch at least of 560 lb. 

It is evident, that all animal bodies are machines. For what 
are the bones but levers, moved by a certain power placed in the 
muscles, which act as so many ropes, pulling at the bones^ and 
moving them about the joints ? Every joint representing the ful- 
crum, or centre of motion. What are all the vessels but tubes, 
which contain fluids of different sorts, destined for the use or 
motion of the several parts of the machine ? and which, by open- 
ing or shutting certain valves, let out or retain dieir contents, as 
occasion requires; or convey them to distant places^ by other 
tubes communicating therewith. And^ therefore, all these motions 
of an animal body are subject to the general laws of mechanics. 

Example XXXIX. {Fig, 2. PL XXVU.) 

The motion of a man walking, running, &c. will easily be 
accounted for. Let us first suppose a man sitting in a chair ; he 
cannot rise from his seat, tiil, by thrusting his heeud- and body for- 
ward, and his feet and legs backward, the line of directioti, or the 
perpendicular firom lAie centre of gravity, pass through his feet, as 
the base. Likewise, when we stand upon our feet, the line of 
direction must fiadl between our feet ; otherwise, we cannot stand, 
but must fall down towards the side the ceoire ot gravity lies on. 
And when a man stands firm upon his feet, his legs -make an 
isoceles triangle, the centre of gravity lying between them. And 
then he is not supported by the strength of the mnsdesy but by 
the bones of the legs and thighs, which then stand in a r^t line 
with one another. 

When a man AC endeavours to walk, he first extends his Wnd- 
most leg and foot S almost to ai right Une, and, at the same time, 
bends a little the knee H of his fore-leg. Thus, his hind-leg is 
lengthened, and his fore-leg shortened; by this means, bis^My 
is moved forward, till the perpendicular from the centre of gravilhr, 
as AV falls beyond the fore-foot B ; and then, bdng ready to.feU, 
he presently prevents it, by taking up the hind-foot, and by. bend- 
ing the joints of the hip, knee, and ancle, and suddenly transhiting 
it forwsurd to T, bevond the centre of gravity : and thus he gains 
a new station. Auer the same manner, by extending the foot and 
leg HB, and thrusting forward the centre of gravity b^ond the 
foot S, and then translating the foot B forward, he gains a third 
station. And thus is v^lking continued at pleasure. 

His two feet do not go in one right line, but in two Un^ paral- 
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M to one another. Therefoi^y a man Tvalkitig has a fihratoir 
motion from one side to the other ; and it is not possible to ^Ik 
in a rl^t Hne. 

WaliuDg on plain grotind is easy, pleasant, and peifonned witii 
little labour. But in going up hill is very laborious^ by reason of 
the great flexure of the joints required to ascend, and meir sufiier- 
ing more stress from the weight of the body in that position. 
I^escending down hill is. for the same reason, more lafoorioitt than 
walking on plain grotmd, but not so bad as ascending. 

The walking of birds is not unlike diat of men ; only th^ 
weight is ^itirely supported by the strength of the muscles, since 
&eir joints are always bent. Also, their feet go in two panUel 
lines. 

A man, in walking, always sets down one foot before the other 
be taken up ; and, therefore, at every step he has both feet upon ^ 

riund. But, in running, he never sets one down tiU the other 
np. Sb Hiat at each step he has but one foot upon the grbund, 
and all the intermediate time none. A good footman wSi run 
400 yards in a minute. 

Example XL. {Fig, 3. PL XXVn.) 

When a least stands, the line of gravity must fell within the 
Quadrilateral made by his four feet. Aim when he walks, he 
liisis always three feet on the ground, and one up. Suppose he first 
takes up the hind-foof fromC. Before he does this, by extending 
his leg oackwards, he thrusts forward his body and the centre of 
eravity ; then, taking up the foot from C^ he moves it forward to F. 
Then he immediately takes up the fore-foot from B onr the same 
side, and carries it to H ; then he takes up the hind-foot D, and 
translates it forward ; and then the fore-foot at A ; then F agto, 
and so on. 

When he trots, he takes up two together, and sets down two 
toeetiier, diagonally opposite. 

When he gallo'ps, be takes up his feet one by one^ and ststs them 
down one by one ; though some animals strike with the tv^ fore- 
feet nearly at once, and the two hind-^aet near at once; and have 
not above two feet on the ground at once. A good bone will run 
hialf a mile in a minute. 

AninuUs with six or more feet, take up the hindmost first ; tben 
^ next, and dien the next in order, to the foremost, all on one 
side; and after that, all the feet on the other side, in the same 
order, beginning at the last. If tbey were to take up the foremost 
first, the animals would move backward. 

Example XLL (Fig. 4. FL XXVII.) 
AD is a 6tr<^ flying in the air, by help <tf -^ weigs F, T, and 
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tlie tail C. Hie structure of tlieir wings are such, that, in striking 
downward, they expand to their greatest hreadth^ and become al- 
most two planes^ l>eing something hollow on the under side. And 
tliese plants are not then horizontal, but inclined, so that the back 
part K is higher tlian the fore part V>VG, But in moving the 
winvrs upwanl, to fetch a new stroke, they go with the edge DFG 
foremost, und the wings contract and become hollow. Their 
bodies arc .si>ociiically lighter than men or beasts. 'Iheir bones 
and feathers are extremely porous, hollow, and light. Ttie imis- 
cU'Sy hy wiiich their wings are moved downwards, are exceeding 
large, being not less than a sixth part of the weight of the whole 
body. Wltcn a bird is upon the ground and intends to fly, he 
takes a large leap ; and stretching his wings right from his body, 
lie strikes tliem downwards with great force, by which they are 
put iiito an oblique )>osition; and the resistdnce of the air acting 
stroIl^ly against tliem by the stroke, impels them, and the bird, in 
a direction [)er|>endicular to their planes ; which is in an oblique 
direction, or ) artly upwards, and partly horizontally forward: the 
part of the force tending upwards is destroyed by the weight of 
the bird ; tlie horizontal force ser^'es to carry him forward. The 
stroke bein^ over, he moves his wings upwards, which being con- 
tracted, and turning their edges upward, they cut through the air 
without any resistance, and being sufficiently elevated, he takes a 
second stroke downwards, and the impulse of the air moves him 
forwards, as before. And so from one stroke to another, which 
are only like so many leaps taken in the air. When he has a 
mind to turn to tlie ri^ht or lefl, he strikes strongly with the oppo- 
site wing, uhich impels him to the contrary side. The tail acts 
like the rudder of a ship, except only that it moves them upwards 
or downwards, instead of sideways, because its plane is horizontal. 
If a bird wants to rise, he puts his tail in the position LH; or if 
he would fall, into tlie position LI. Whilst it is in the boriiontal 
position LC, it keeps him steady. A bird can, by spreading his 
wings, continue to move horizontally for some time, without stHking. 
For having acquired a sufficient velocity, by keeping his wings 
)arallel to the horizon, they meet with no resistance ; and when 
le begins to fall by his weight, he can easily steer himself upward 
by his tail, till his motion be almost spent, and then he must renew 
it by two or three more strokes of his wings. When he alights^ 
he expands liis wings and tail full against the air, that tbej may 
meet wiili all the resistance possible. TVie centre of gravity of a 
bird is something behind the wings ; to remedy which, they thrust 
out their head and neck, in flying; which carries the centre of 
gravity more forward. 

It is impossible that ever men can fly by the strength of their 
arms ; for their pectoral muscles are vastly too weak to 8uppk>rt 
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soch a weigHt For, in a man^ they are not the 60th part of the 
res^ of the muscles of the body ; but^ in a biid^ diey aire mOre tbaii 
an tke ^ers put together. 
Some birds will fly lOpQ yards in a minute. 

f 
I 

Example XLU. (F^. 5. PI XXVH.) r 

AB is 2ifi^ swimming; which he does by help of his fins' 
and taiL A fish is nearly of the same specific gravity as water; 
aad most fish have a bladder L, which tney can expand or con- 
tracty and so make themselves lighter or heavier than water^ in 
ovder to rise or &11 in it. The muscular force by which the' 
tail is moved is very great. The direct motion of a fish is by' 
meaos oif his tail BCD moving from one side to the other, with 
a vibrating motion, which he performs thus. Suppose his tail- 
in the position FG, being about to move it successively to H/ 
I, and K.; be turns the end G oblique to the water, which 
being moved swiftly through it in that position, the resistance' 
of the water acts obliquely against his tail, and moves him partly- 
forward and partly laterally. The lateral motion is corrected^ 
the next stroke, the contrary way ; but the progressive motion 
is continued always fbrwaid. When his tail is arrived at K, 
he tunis. its obliquity the contrary way, that, in moving back to 
G, it .may strike the water in the same manner as before. And 
thus he makes one stroke after another, and moves fonvard 
thereby as &r as he pleases. The oblique position of his tail 
is mostly owing to the elasticity of his tail, which, by bending, 
is put into that form by the resistance of tlie water. They can 
exest a, very great force with their tail, and which is necessaiy, 
to overpome &e resistance which their bodies meet with in the. 
wateir* . By help of the tail, they also turn to one side, by strik- 
ing a^rongly with it on that side, and keeping it bent, which 
tbeif^aqts lUce the rudder of a ship. The fins of a fish serve to- 
IfLiaop ; him upright, especially the belly-fins E, which act like two! 
feet y,w^iK>ut them he would swim with bis belly up, for his centre 
ofgK^ivity lies near his back. His fins also help hun to ascend or. 
dft^cend, by expanding or contracting them, as he can with plea-, 
sure, ^d so putting them in a proper position. IHs tail wilt also 
help l^in to rise and fall, by inclining it obliquely, and turning 
it a UtUe from an erect position to one side. Fish can swim but 
^lowji yet some of tbem.will swim, seventy or eighty yards in a 
minute ; but they soon tire. 

Brutes can swim naturally, for they are specifically lighter than 
water, and require to have but a small part of their head out for 
breathing. Also, they naturally \ise their legs in swimming, after 
the same manner as they do when walking. 
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Birds swim very easily, being much lighter than water; and 
readily move themselves along with their web feet. 

Men cannot swim naturally, though they are specifically lighter 
than water. For their heads are very large, and require to 1^ al- 
most all out of the water for breathing. And their way Of striking 
has no relation to that of walking. Men attain the art of swimming 
by practice and industry. And this art consists in striking alter- 
nately with the hands and feet in the water, wliich, like oars, will row 
him forward . When he strikes with his hands, he neither keeps the 

{)alms parallel nor perpendicular to the horiion, but inclined. And 
lis hands striking the water obliquely, the resistance of t^ water 
moves him partly upward, and partly forward. Whilst his hands 
are striking, he gradually draws up his feet ; and when the stroke of 
his arms is over, he strikes with his feet, by extending his legs, and 
thrusting the soles of his feet full against the water. And while 
he strikes with his legs, he brings about his 'arms, for a new 
stroke, and so on alternately. He must keep his body a little 
oblique, that he may more easily erect his head, and keep his mouth 
above water. 

After the same manner may the motions, velocities, powers, and 
properties of any machine be explained and accounted for, by me- 
chanical principles. I shall proceed to lay down a short description 
of several other machines, without being so particular in the calcu- 
lation of their powers and forces. The mechanism of whidi bdng 
understood, will assist the invention of the practical mecAianiCy in 
contriving a machine for any use. 

Example XLIII, {Fig, 1. PL XXVIU.) 

AB a machine to raise a weight, and stay it in any position. CD 
a roller turned by the handle £. To the roller is fixed the 
racket wheel F. GH is a catch made of metal, moveable about 
H, and forked at the end G, where it fiUls into the teeth of the wheel 
F. As the roller is tumeid, the weight is raised by the rope IRL. 
And the catch G, slides freely over tiie teeth of the wheel, till the 
machine is stopped, and then the catch G falling in between the 
teeth, keeps the wheel fixed there, that it cannot turn back again 
with the weight. 

Example XLIV. (Fig. 2. PI XXVni.) 

KI is a machine to raise or depress the lever GH, moveable about 
an axis at H, and to keep it at any position : bfo, string fixed at/* 
and a, and going in the order abcdef, through the holes hy c, d^ e, of 
the runner IK, which being put up or down, raises or lowers the 
beam GH, at pleasure. And more or fewer holes may be made in 
the piece IK, as occasion requires. 
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Example XLV. (Fig. 3. PL XXVinO 

CD another machine to stay a weight in ahy position. *Ibia 
is only a cylinder of wood, upon which is cut a channel fer the lope 
to go' in. J£ the weight B he lifted up, and A pulled doWn, then 
will remain in any given position, by the friction of the cylinder 
and rope. And there may be taken as many turns of the rope about 
the Cyunder, as there is occasion for. 

Example XLVI. (Ttg. 4. PL XXVm.) 

C is a dock weight carrying the wheels A and 8. D the 
eonuterpoise. F a pulley. ADBFA an endless cord. When 
the weight is down, draw the cord G, till the weight C rise to 
thete^; then the catch e keeps the wheel A from turning back- 
wards. This may be serviceable for other uses, besides moving a 
docii.. 

Example XLVn. {Fig. 1. FL XXIX.) 

^JDB a machine for reckoning the number of strokes or vibra^ 
tibns niade. DH is a wheel moving about a fixed axis> upon 
the neck of which axis goes a brass spring L, to keep die wne^ 
from sbaking. AB a piece of wood or metal, cut away between 
I and K to receive the wheel. The plane of the piece AIKB is per- 
pendicular to the plane of the wheel. FG are two staples, to 
^mdethe motion of the piece AB back and fbrward. When the 
pidc^ ABis moved ^m A towards B, the edge at I catches die 
fdofh C, and hiding alone the edge, moves 9ie wheel about in 
direction CD ; this brings me tooth E to the edge K. And when 
tiie piece AB is moved back from B to A, the edge at K sliding 
down the tooth E, moves the wheel from E towards H, which 
lirings another tooth before the edge I ; so that, at every motion'of 
AB badL and fbrward, tiie wheel is moved the breadth of one 
toofli. And if the teeth be numbered, the index M will i^w when 
the Wheel has made one revolution. ^ 

Example XLVm. {Fig. 1. PL ^X.) 

ABED a machine moving°one circle within another, eoncen* 
trioal to it ABC represents a flat ring of brass; and abc -a 
smaller concentric ring lodged in a circular groove, turned within 
the larger, and kept in the groove by three small plates of brass 
A, B, C, fixed to the outward ring, and reaching over the edge 
of the inner one. Upon the inner ring is fixed ft concedtric 
didlof a wheel 12?, having teeth in it, which are driven round ^ 
the tiureads of an endless screw DF, tumtng^ in a collar at£, 
and upon a point at F, both fixed to the oiitw^M ring. By 
this medianism, any point of the circle abc, may be $«t to sk given 
point of the circle ABF, by tumiiig the screw D£F. 
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Example XLIX. (Fig. 2. PL XXIX.) 

ARE is a crane for hoisting goods up. AF is a double Trheel, 
within which a man A walks, and by his weight raises the weight 
W, l)y help of the rope FBEW, which goes round the axis of the 
wheel at F. At D are two pullies, one vertical, and one hori- 
zontal ; the vertical pulley facilitates the motion of the rope in 
hoiMing the weight ; and the horizontal one serves for the rope 
to run on, when the crane CDE and weight W are drawn asiae) 
by the rope Gil, in order to be lowered. CDE moves about 
the axis IK'. At E is another pulley, for the rope to run on. 
If the rope FDEI go about a pulley at I, and be fixed with its 
end at E, tlie crane will lift twice the weight. 

Example L. {Fig.'Z. PL XXIX.) 

AB a sailing chariot. Tliis is driven by the wind, by help of 
the sails C, D. R is the rudder. The wheels must be set at a 
greater distance, or the axle-tree made longer, than in common 
chariots, to prevent overturning. Sailing chariots are proper for 
large planes and champagne countries ; and are said to be fire- 
quent in China. 

Example LI. {Fig, 2. PL XXX.) 

BE is a smoke jack, AB is a horizontal wheel, wheiein the 
wings or sails are inclined to the horizon. The smoke or rarified 
air moving up the chimney at B, strikes these sails, which being 
oblique, are, tlierefore, moved about the axis of the wheel, toge- 
ther with the pillion C, of six leaves. C carries the toothed 
wheel D of 1'20 teeth; all these are of iron. E a wooden wheel 
four or five inches diameter ; this carries the chain or rope F^ 
which turns tlie spit. The wheel AB must be placed in the stiait 
part of the chimney, where the motion of the air is swiftest, and 
that the greatest part of it may strike upon the sails. The force 
of this machine is so much greater, as the fire is greater, llie 
sails B are of tin, six or eight in number, placed at an angle of 
54J degrees. 

Example LII. {Fig. 1. PL XXXI.) 

An engine to make a hammer strike, W the water wheel, 7 or 
8 yards diameter ; D, D, the floats. BC the axle, 3 or 4 feet 
diameter. II the hammer, 3 or 4 hundred weight, moveable 
about the axis OP. I, K four cogs in the axis, lifting up die ham- 
mer as the axis goes round, that it may fall on the anvil A. FG a 
beam of wood acting as a spring, to give the greater force to the 
hammer. MN the course oi the water down an inclined pluie. 
M the place where it issues out. LM the perpendicular height of 
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the water, 3 .yards. All the machine, except the water wheel, is 
withinr thd house. 

▲ liaunmer may also be made to strike thus: A (Fig. 1. PL 
XXXII<) is the hammer Hio?ieable about the point C. G the axle 
of u water wlieel, io which axis are the pins or ourred teeth F, B, 
&c. As the wheel and axle goes about from F towards £^ the 
pioe or teeth F, £ thrust down the end B, and raise the end A of 
the hammer. And when the end B goes off the pin, or tooth, the 
hammer £adls upon the anvil D. 

Example LIII. (^Fig. 2. PL XXXH.) 

I, I a crooked axis, elbow, or crank, for the suckers of pumps. IK 
^e pestle or chain of the sucker. Upon the axis is the lantern 
EF, which b turned by a great wheel, carried either by water, or 
men, or horses. The pestles IK rise and fall alternately, as the. 
lanttm EF goes about, and each gives one stroke of the pump for 
one turn of Uie lantern. Place puUies or rolls at g, 6, r, d, for the 
cbun IK to work against, when it goes out of its perpendicular 
position, by the obliquity of the motion of the cranks I, I. 

Example I^U^ (F^. 3. PL XXXH.) 

ABCD a particular combination of puUies, T, T, T are posts 
to which ^ tackles are fixed. S, S, S are sta>s to keep them 
erect. If the power at A be 1, that at B is 3; at C, 9 ; and at 
D 27, wiiere the weight is placed. 

Example LV. {Fig. 1. PL XXXIII.) 

A, B are two bellows going by water, and blowing alternately, 
heft lieither of them with a continual blast; W the water wheel. 
Dfi'die direction of the water. FG the axis of the wheel; a,<r, 
Ac^ 4 cogs of wood in the axis, forcing down the end of die' 
beito^ A. 66, &c. 4 cogs forcing down the end of the bellows 
B. LM, NI two rods of iron fastened to the bellows and to the. 
lever MN, and moveable about the pins M, N. SP a piece of 
timber moveable about S and P. OP a beam serving for a spring, 
lying over the piece of timber QR. As the wheel and axle turns 
round, a cog 6 forces down the end of the bellows B, and makes 
it blow; this pulb down the end N and raises the end.M of the 
lever MN, wluch raises the bellows A. And when th^ cog 6 goes 
off» the bellows B ceases blowing; and a cog a forces down the 
beftows A^ and makes it blow; and at the same time raises the 
bellows B. And dius the cogs a, h altematdy force down the. 
b^Sows A, B, and make them blow in their turns^ H is the 
hearth or fire. 

A pahr of bellows may be moved by water thus : A (JFig. t . PL 
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XXXIV^) is a water wheel, carried by the water at W. CD a rod 
of iron going on the crooked axle-tree, or crank, of the wheel; DF 
a lever moveable about £. FG a chun going to the bellows fi. 
I a weight. As the wheel goes about, the ends D and F of the 
lever DF, rise and fall ; which motion raises the bellows, and tiie 
weight I carries them down again. 

Example LVT. (F/g. 1. PL XXXV.) 

A and B are wheels witli teeth, and a roller to draw up^ any 
weight. II, H, U the liandles, which may be wrought by two or 
tliree men. 

But the easiest and simplest rollers tor common use are socfa 
as C and D. {Figures 1 and 2. PL XXXVI.) In thesi^Bs 30lb. 
is the weight to be raised, so must the radios of the axle be to the 
length of the handle, for a man to work it 

If a given weis^ht P raises another weight W, on such a machine 
as {Fig, 3. PL III.) it will generate the greatest motion possible in 
a given time ; when the diameters AB, £F, and weight W are of 

such quantities, that W = IP X AB ^^ ^^^ ^p — f AB X P 

EF W 

For then the motion will be greater, than if any one (H, AB, or 
EF) be altered, the rest remaining the same. 

And in such a machine as (Fig- 1. PL IV.) the greatest motion 
will be generated in W; if you make, as velocity of W ; Telocity 

of p : : as § p : to w. 

Example LVII. {Fig, 2. PL XXXVO 

An engine to drive piles. A the rammer, drawn up by the rope 
BCD going over the pulley C. DN, DN several stnall ropes tor 
several men to pull at M the pile. EF a brace and ladder to ^o 
up. The rammer A is bound at bottom with iron, lest it split, 
and has two tenons on the backside to keep it in the grooves, made 
in the upright puncheons G, H, by .which its motion is directed. 
The rammer is raised to the top, by men pulling at the ropet 
DN, and then letting go, all at once, it falls upon the head of 
the pile M. 

Old piles are drawn out, by striking gently upon their heads, 
whilst they are pulled by a strong rope stretch^. 

Example LVIII. {Fig. 3. PL XXXVI.) 

ACL a pair of smithes belUnos. AL, BL, CL are three boards ; 
the middle board BL divides the internal space, into two pattl. 
In the middle board is a valve S opening into the upper pl^; 
and in the lowest board is another valve T opening iBtO" the 
under part. The pipe P communicates only with the up|>er 
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canty. DE a lever moveable about the axis GH. At I a 
vniffA is laid upon'the upper board to make it £adl. Hie bellows 
is fbced in the frame MK, by two iron pins^ which are fiist in tte 
middle board. And the pipe P lies upon the heardi. "When the 
end £ is jptHed down by the rope £F, the ' end D is raised, 
•and the rope or chain DR raises the lower board CL; this 
shuts the valve T and opens S, and the air is Ibrced into tiie 
upper cavity^ which raises the upper board, and blows throo^ 
flttpipe P. And when Eisnisea, the boards A and C descend, 
and tne valve S shuts, and T opens. And the weight I foiCM 
the air still out of the pipe/whilst more air enters in at the valv« T ; 
friiidi, when C ascends, is forced again dirougfa the valve S as be- 
fore. And thus the bellows have a continual blast. 

Example UX. (Fig. 1. PL XXXVII.) 

An engine to raise water; LMOI a great horizontal wheel. 
Afift the axis, P the pivot or spindle it turns upon. OQI tbe 
mmwm cf the great irheel. QR a small wheel perpendicular to the 
faoriaon^'and plaeed under ihe edge of the gfeat wheel: this 
whed is moveable about the centre C, in the end of the lever 
£FC, which is moveable about the centre D; £F the arch of 
a circle, drawn from D as a centre, whose plane is perpendicular 
to the horizon, and in the plane of the wheel QR. EG the chain 
of a pump; 

Whilst the great wheel is turned by the lever NA, from O 
towards I, the wave Q presses down the whed QR, and raises 
the end £, which draws up the water in the pump G. Bat 
.when the deepest part of the wave is past the whed QR, the 
wheel then rises up into the hollow S, and then the chain EG 
descends^ till the next wave raises it again. And thus every wave 
makes a stroke of the pump. 

Xhe wheel QR is placed there only to avoid firiction, and so 
that a perpendicular to its plane may pass through AB. If the 
anmber of vraves be odd, and another pump wheel and lever 
be placed diametrically, opposite, on the other side of the great 
wheel, then these acting by turns will keep the motion uniform, 
and the power at N will always act equally. 

Example LX. {Fig. 2. Fl. XXXVIl.) 

BFG a capstan, to draw great weights. BC the axis, which is 
driven about by men acting at A, A, by hdp of the levers AB, 
AB. Here must oxdy be 3 or 4 sfHies of the npe DGEftlded 
about the axis BC ; for the axis could not hold so smch Tope 
at there is sometimes occasion for. And to hindfer < the rope 
from slipping bade, a man constanUy pulls at E tb keep it light. 
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And the axis is made conical, or ratlier angular at the bottom 
C to keep the rope from g^ing any lower, whilst the cs^pstan 
goes about. 

Example LXL (,Fig. 1. PL XXXVIIL) 

AL is 9, jack to lift great weights. E is a pinion upon the 
axis FG, CiC a toothed wheel, and D a pinion upon the same 
axis, working in the teeth of the rack AB. The whole is in* 
closed in a stron<; case KL, all of metal. The handle GHI 
goes on the axis FO on the backside of the case. 

When a weight is to be lifted, the forked end A is put unJder 
the weight ; then, turning the handle HI, the pinion £ moves the 
wheel GC, witli the pinion D ; and D raises the rack AB, with 
the weight. 

Example LXII. {Fig, 2. PL XXXVIIL) 

An engine to raise and let fall two weights with obntraij 
motions successively, whilst the moving power acts always one 
viray. GH a great horizontal wheel. N, M two lantpms, ao 
placed on the axis AB, tliat the great wheel can only wgxk .one 
of them at once. When the cog wheel GH is turned biy. the 
lever LI, it turns the lantern M, and raises the bujoket lEj 
whilst F descends. Then E being raised, move forward the 
axis AB, that the lantern M may leave the wheel, and N come 
to it. Then the great wheel moving the same way as before, 
will now work upon N, and turn the axis the contrary vray, and 
raise the bucket r whilst £ descends. Which done^ move the 
axis back towards A, and you will again rise the bucket £^ 
and so on. 

This may also be performed by placing the lanterns M^N, so 
tliat the great wheel may work them both at once ; but makiog 
them moveable about the axis AB, then there must be a pin to 
iastcn either of them to the axis ; so that first one lantern, ai|<il 
then the other, being thus fixed to the axis, whilst, the other is 
loose, the buckets E, F will ascend and descend alternately. 

Example LXIII. {Fig. 1. PL XXXIX.) 

Amill for iron work, ABthe slitting mill, CD the plate mill, 
SP the clipping mill. E, F are two great water wheels. After 
the water is past tlie wheel E, moving in direction Q W^ it cornea 
about to the wheel F, in direction X Y. The water wheel i^ witk 
the lantern G on the same axis, carries the spur wheels M anid 
H, with the cylinders B and D. And the wheel F with tfte 
lantern I^ carries the wheels N and K, with the cylinders A an^ 
C. The cyliaders A and B, as also C and D, run contrnyry, 
ways about. And the cylinders A and B are cut into teeth, for 
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dittiDg iron bars. C, D are 8 inches diameter ; A and B about 
11' And tbese trflinders may be taken ont and olhers put in, 
ttd-iitlijr be bttraglit nearer to, or £ftrtfaer from, one another, by help 
of screws, which screw up the sockets where the iddtt • ran^ 
Ibe axles of .f^^ I,Jllie all in one honzontal plane. And so 
ioes M, G, H. But the cylinders A, B, and also C, D, lie one 
Avt^iuiother. 

'If6t making the plates ; if a bar of iron be heated and made 
too M tiie end, and that end put in between the cylinders C, D» 
irMbt the mill* is going, the motion of the €]iinder8 drawi it 
tiupocfa. on the other side, into a thin plate. Likewise a baroC 
itbD^being heated and thinned at the end, and put in between 
4<e toothed cylinders A, B, it is drawn through on the. other 
8»^' and sKt into several pieces, or strings. And then, if there 
be occasion, any of these strings may be put through the plate mill 
with the same heat, and made into plates. 

OPQ is the sheers for clipping bars of cold iron into lengths. 
V a eog in the axis of the water wheeL OP one side of the 
•heertf made c4 steel, and moveable about P. The plane LPR is 
petrpeBdicalar to the horizon. When the mill goes about, the 
<»^ Vrabes the side OP, which, as it rises^ clips the bar TQ into two^ 
^^fae ed^ SP,RP. All the engine, except the water wheele 
£, F, ts^thin the house. 

Example LXIV. {Fig. 1. PL XL.) 

AFC a wmdmUl to frighten birds from corn or fruit. Ibisir 
inadeofwood. The sails F, Fa foot long, and their planes in^* 
dialed to the axis BC, 45 or 50 degrees. 'Die piece B goes, upoa 
the end of the axis BC,and is pinned &st on, and the tails and 
juds turn round together ; and the axis goes through the board 
AD, and' is kept from flying out of tfie hole^by the piece B pinned 
§utJ The whole macmne is moveable about the perpendicular 
staff AO, by whidi means the wind turns the mill abc3«t &e axis 
AO, till iStte plane AD lies directly from the wind ; and then the 
sadia^Boce it. At S, is a spring to clack as it goea about; and thft 
like on the other side. 

Example LXV. {Fig. 2. PI. XL.) 

- An anemoscope, to show the turnings of the wind. CD is a 
weather-code of thin metal, fixed last to the long perpendicular axia 
DF, which turns with the least wind upon the foot F, and goes 
^trough the top of the house RS. To tnis axis is fixed thephuMt 
Af v^dtk works in the crown whe^ B,of anr equaf manner ji€ 
ieeth. The crownwheel is fixed on the axis PI, oftitfae: end.eff 
which the index NS is fixed. The axis PI 'goes ihroagbkhe valL 
LM : against the wall is placed the eircte NB£LWy.wffli th0 
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points of the compass ronnd it Then, if the vane CD be set to 
the north, and at tlie same time the index SN fixed on the axis 
PI, to point at S; then^ however the wind varies," it wi& turn 
the vane CD, and pinion A ; and A turns Ihe wheel B with die 
index N; so that the index will always be directed t9 Die op- 
posite point of the compass to the vane DC, or to ^e same as 
the wind is in. 

Example LXVI. (f^. 3. P^ XL.) 

DEF is arag-pumpy or cham-pump, EF die barrel, CD the 
roller. GH an endless chain, to which are fixed several leadier 
buckets I, I, hollow on the upner side that ascends. AB die 
handle. The use of tliis is to cleanse foul waters firom dirt and 
rubbish. The roller is ribbed to hinder the chain froOi dippiiM^ 
in working. When the roller is turned, it draws up the cham 
through tlie pump, with whatever is in the water, and disd^arps 
it at the top. Instead of the roller CD, a wheel Kke a tiundle 
may be used, called the rag wheel. 

Example LXVII. (JPig. 1. P/. XU.) 

A dycr^s andjull€r*8 mUl. A the great wheel carried about by 
horses. This turns the trundles B, C, D, together with E, F^ G. 
Then £ turns the cog-wheel H, with the axis IK, and the cross 
pieces L, L; 1,1, &c. are pullics or rollers. MN, MN wooden 
beaters, turning upon an axis passing through N, N. Whilst 
the axis IK turns about, tlie end 6 slides along the pulley 1 ; 
and falUng off, the part M strikes against the clotn m die 
trough at O, O. The lantern F carries the cog-wheel P^ and 
the cranks Q, Q, which work the pumps T, T, by help of tl^ 
levers RS, moveable about a. The trundle G carries the cog- 
wheels V and W, and W carries the trundle X, with the piston 
Y that grinds the indigo in the vessel cdi from whence it flows 
to the vessel Z. The ends tn^ m, &c. of all the axles^ run in 
pieces of timber going cross the mill, and fastened to (me 
another and to the walls of the house. 

Example LXVni. (jP^. 4. Fl XL.) 

A machine to empty standing waters. This is no more than 
a large pipe or syphon ABC, being extremely close and tight 
that no air can get in. 

If the pool of water DE is to be emptied over the hill DHO, 
let the pipe be placed with its mouth A within the water DE, and 
the moutn C within the water FG, if the pipe be very large. 
Then stop up A and C, and fill the pipe with water by flife 
cock B at the top. Then, stopping the cock B very close, open 
A and C ; and the water will fiow through the pipe firom DB 
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into FGy whicb may ran over at F, at a small height above C^ and 
goawty. 

tf dt^^die end C mutt always be lower than A, and die height 
flCAe topi BahoveDfiiMist not ezoeed 11 yards; for if it do, 
Ito ^vtttcr wiU not flow. If the pipe be very s^ut, the end C 
■eadriiot.be imiDerMd in the water; but if laigeitmast; or dae 
te sir will insinuate itself into the pipe at C, and hinder Ae flux 
of the water. 

Example LXIX. {Fig, 1. FL XLII.) 

CFGfi iia coalpnn, £ the cog-wheel^ 11 feet diameteryand 
n cogs ; this cames tiiie tnindle F, near 2 feet diameter, and It 
loimd^ together widi the roll 0/4 f^t diameter. AH is die starts 
90fiKtloog. Hie axis AB runs upon the kevy-stockC. There are 
two cross-trees IK, at the top, through which die axis AB goes. 
Thfese cross-trees are sv^ported by four posts KL at iSbe four 
cofners. When the cosus are to be drawn up out of the pi^ 
two horses are yoked at H, and go round in the path OQD, and 
draw the wheel about And whilst die loaded corf N, is drawn 
up to the top of the shaft M, by the rope going round the roll, the 
empty one, at die other end of the rope, is descending to the bot- 
tom: And the loaded corf N being taken off, and an empty one 
pot on, the horses are turned, and made to draw the contrary way 
ahiMi^ till the other corf comes to the top loaded : and so as one 
ooif ascends, the other descends alternately. A corf of coals 
weigfas abont five hundred weight, and contains about four and a 
Wf Inuiiels. A pit is forty or fifty fathom deepw And fiffy fiu 
diom of the rope vreighs about diree hundred weignt. 

Example LXX. (I%. 1. FL XLIII.) 



A wermj&ck for taming a spit. ABC the banel round whid& 
the cord QB is wound. KL the main wheel of sixty teeth. N 
the worm whed of about thirty teeth, cut obliouely. LM the 
pinion of fifteen <nr sixteen. O the worm or endless screw, on 
which are two threads or worms going round, and making an an- 
gle with the axis of sixty or seventy-five degrees. X the stud ; Z 
the loop of the worm suodle. P aheavy wheel or fly to make 
tk» motion unifiMrm. DG the struck wheel fixed to the axis FD. 
S, S several holes in the frame, to nail it to a boiud, whidli is to be 
nsnled against a v?all ; the end D going through it. HI die han- 
dle, g^ing upon the axis ET, to wind up the weight when down. 
R are fixed puilies ; V moveable pullies with the weight. The 
alia £T is fixed in the barrel AG, and this axis being hoilow» both 
it «nd the banel turn round upon the axis FD, whidik i% fixed to 
the wheel KL, taming in the order BTA, but oannot turn the 
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Gontranr way, by reason of a catch nsiied to the esd- ABjr wUeh 
lays liold of the cross ban in the wheel LK. • ^ n-y 

Thf* weight, by means of the cord QR, carriesabout^Aeban^ 
AB, which, by means of the catch, carries the whad KI^'iHadi' 
carrirs tlie nut LSI and wheel N, which cairies the worn 0<ihi|^ 
the fly P. Also tlie wheel LM carries the axis FD wiih the ninl 
DG, wliich carries the cord or chain that goes about tiie cfMt-biadv 
(a wtiecl like DG) which turns the spit. The more pnUies at B 
und V, the longer the jack will go; but tlien the weight moit be 
trreater. - 

The catch lies between the end AB of the barrel and the nvhetl 
KL, and is thus described : ./j^'the barrel, n the main Ipiodle; tht 
a tumbler moving easy on the centre pin a, iasteiicd to «ii iraa 
plate, nailed to the barrel ; b a collar of iron, turning ft.littl&flliff 
on the s|)indle : from this proceeds tlie tongue 6c, pasBJUg through' 
the hole c in the tumbler ; r the catch ohF the tumbler. Noiv 
whibt the barrel with the catch is turned about, in the order c6^. 
upon the axis n, the collar is drawn about by the tongue ic; wmS- 
tongue act n^ backwards, turns the tumbler about the centie^yend: ; 
depresses the catch r. But the barrel being turned the cODtgm: 
way, the tougue tlien acts towards c^; this depresses the ead d^aw- 
raises the catch r, which then takes the cross bars of tlie ania 
wheel, and stops tlie barrel, 'lliis catch would also serve for a- 
clock, and is better than a spring catcli, because it makes no noiie 
iu winding-up. 

Note, the jack need not be placed so that the axis FD hfi ptain 
lei tu the spit; but any way it can conveniently, Foriti»jie 
matter whether the chain crosses or not. 

Example LXXI. (^Fig. 2. PL XLUI.) 

DAF the htfdmstutical htUuws. AB, £F, two flat boardf of oafcf - 
the sides AE, BF, of leather, joined very close to the top and bot- 
tom, with strong nails. CD a pipe screwed into the pieoe of bsass^ 
in the top at C. 

If a man blows in at the pipe DC, he will raise a great wei^ 
laid upon the board AB. Or if he stands upon the board Afi^ lie 
may eiisily blow himself up, by blowing strongly into the pipe « 
DC. If water be poured in at D, till the bellows and pipe be ftul^ .' 
the pressure upon AB within, will lift as much weight upon the*.-* 
top AB, as is equal to a cylinder of water, whose base is AB, and ' > 
height CD. 



Example LXXII. {Fig. 1. P/. XLIV.) 



If 



ADM is a water-mill for grinding corn. A the water-wheel ai»i 
teen feet diameter, BC its axis. D the cos-wheel, with forty^aii^.,') 
eogs. - O a t9imdle, with nine rounds ; Ll its axis. M, Niike^ \ 
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fliziorsereii 'feet diameter. The lower stone N is the Iyer, 
hmg fixed immoTeable upoD beams of wood ; and the upper 

r,«iid is fattened to the tpiudk U, by a pitca of 
Ike f«Ml^ fixed in the lower side of the stoae^ to go 
ihe-' spindle; tetween wfaieh and the sMMsey then ii 
! the'eom to fidi through upon the lower stone. Tht 
thiDQ^ the lower stone, aad is made so tig^ with a 
as to turn round in it easily. The upper stout, 
/te'spindle LI, is supported on the end I, upon a horizontal 
beam of wood FE, called tne bridge ; the end F being fixed, and 
thi tfod £ lying upon the beam liG, fixed at G, cail^ the bnyer 
otkem^^ The end H is sapported by the Uftimg-iree UK, by 
haipioijm- wcd^e at K. ^ this means, the upper stone may be 
niiwber lowered. For if kll be raised with the lever KA, the end 
B^lheTOXis U, with the stone M, and the piece GH are aU raised, 
aadcirfBy be fixed there by the wedge K. Thus, the stones may 
b »j t M ?at near or iar off as yon will. The lower stone is broadci 
Ikiili4be ^qpptr stone, and bi feathered, or cut into. smaU chanoek^ 
ttf/^B UP gy the flour out ; and is enclosed with boards all arooiid, 
■vai^-elose to the lower stone, and above the edge of the under 
ofl^-ta keep the meal in. And through one side of the boards is 
a kii», ealled the miU-eyCy through wluch die meal runs out into a 

Tkf& sorfaeesof the mill-stones are not flat, but conical; the upper 
one an inch hollow, the under one swells up f of an inch: so the two 
stoMS are wider about the middle, and come nearer and oeu^r 
towasds the outside ; which gives room for the com to go in, as 
fitf as I of the radius, where it begins to be ground. The upper 
stooe has a daudng motion up and down, by the springing of the 
bridge^ which helps to grind the com. The flour, as soon as 
made, is thrown to the outside, by the circulation of the slooe and 
the air, and driven out at the mill-eye. The quantity- of flour 
groaad. Is neariy as the velocity and weight of the stone. Tha 
stone ought not to go round above once m a second, for bread 
conHf 

Iherbtmi is put into the hopper S, which fidling down into the 
skm.TVj rans into the hole at the top of the stone M. The axis 
L>C. IS made with six or eight angles; which, as it toms about;' 
shakes tlie end V of the shoe, and keeps the com always rammig 
down. Hie axis LM may be taken cff. PQ is the direction of 
dM water, whicii, acting against the floats R, carries about the 
water-wheel A, and co^-wheel D, which coe- wheel carries the 
hntera or traodle O, and the upper stone M mat gtinds the com. 

SoBiebaies one water-wheel. A, carries two uairaf stoaes^atid 
diOB t)Vo cog-wheels, as' D, are put into the aids^ BCV-wkkh^cany 
two tnoidies with the stones. Otherwise, the co^p^whed D dirries 
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a trundle O, and spur-wheel ; which spur-wheel carries two U&- 
terns with the stones, one lantern on each side the wheel. Or, 
sometimes^ the same cog-wheel D carries another lantern and 009- 
whcely whose axis is parallel to the horizon ; and this cog-v?hMl 
carries aiiutlier lantern with the stones. And the trundle is soch, 
as to make the blue stones, or those that grind wheat flour, go 
near twice as swift as the grey stones do. In these cases, whoi 
one fra ir of stones is to stand still, there is either a loose rung to 
he taken out of its lantern, or else the bridge £F is shifted towards 
11, till the lantern O be clear of D. 

The diameter of the water-wheel A must not be too large, kit 
then it will move too slow ; nor too little, for then it will want 
power. When a mill is in perfection, the velocity of the floats, 
wini^, or hands R, upon the water-wheel must be | the velocity 
of the stream. 

Tlie higher &11 the water has, the less of it will serve to carry 
tlic mill. In an undershot mill, where the water comes under- 
ueatli the wheel, it is brought by a narrow channel called the mill 
race. The water is kept up in the mill dam, and let out by the 
petutock, when the mill is to go : and the penstock is raised or let 
down by help of a lever. The penstock being raised, opens anas- 
sage to the water, ten or twelve mches wide, through which it flows 
to the wheel. And when the mill is to stop, the penstock is let 
down, and the orifice stopped. 

When the v^ter comes underneath the wheel, it is called an 
undershot mill. But if it comes over the wheel (as Fig. 2. PL LV.) 
it is called an overfall or overshot mill. This requires less water 
tlian an undershot mill ; but there is not convenience in all places 
to make tlicm. The water is brought to the wheel of an overfidl 
mill by a trough, which is turned aside to throw the water off the 
wheel when the mill does not go. 

A breast tniil is that where the water is delivered into boxes, at 
about the height of the axis of the wheel, and moves the wheel by 
its weight. This requires more water than either of the other 
borts. 

A good overfall mill will grind two and a half or three bushels 
of corn in an hour ; and in that time requires 100 hogsheads <tf 
water, having ten or twelve feet fell. 

Example LXXIII. (Fig, t. PLXLV,) 

AB is a trap to catch vermin, made of boards. GH a piece of 
wood suspended over the bar IL, by the lever DE, moveable about 
D, and the thread FE tied, to the start CK. ImB a piece of flat 
wood, moveable about Iniy and lying on the bottom, whose end B 
comes through a hole in the side, in which is a catch to take hold 
of the end K of the start, when the trap is set. When the vennin 
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P^iBM tlie tnqp, tiwy tmd opoo die boaid ibB, oo wfakh » bait 
ii kid, which pats down the end B, and the start CK ffiei up, 
Qiii gives bberty to the rod D£ to lise op ; then the piece of 
vood GH falls down, and knocks them on the head. If two 
pieces of board were nailed on the ends G, H, to reach below the 
piece of wood GH, the tnp wonid take the Tennin alive. 

ABE {Fig. 2. FL XLV.) is anodier trap, the end B is wire, and 
the— d A slides up and down in two grooves in the sides. When 
Iks timp is set, the end A is sospend^ by the thread CD, tied to 
die rod DI9 moveable about O, the end I being held by the 
CMolKd end of the wire IS, moveable aboat R, die end RS going 
widnn the trap. A bait is put on the end at S, and tbe end £ <tf 
te tiap being open, the vermin goes in and puUs at die bait S ; 
tinfl polls thecatch I from off the end of the lef«' ID, which lets 
Ac end A &11 donny and the vermin is taken. 

Example LXXIV. (JF%. 2. PL XUV.) 

An engine for moving seveialsairf fordie sawing of stones, te* 
HXI is a square frame, perpendicular to the horiion, moving in 
directioB LL, in grooves made in die fixed beams AM, CB ; aad 
nnntng upon Kttle wheels. IL two rods of iron fixed at I and 
L. «f» two hands of iron running along these rods; to these are 
ffaced the saws S, S. HIK is a trian^ fixed to the axis of a great 
whed. As the wheel and triangle go about from H towards I9 
tte point I acting against the piece G, moves the firame towards 
Mb, together with the saws S, S. When I is gone off, the- angle 
K acts against the piece F, and moves the frame back again. 
Umb H acting against G, moves it fi>rward ; and so the saws an 
Mdpved back and forward, as long as the wheel tumi round. As 
these saws work by the motion of the engine, tbe hands ep de- 
scend. The parts F and G ought to be made curve; and UCtle 
wbeels may be applied at tbe points of the triangle HIK, to take 
away the friction against F and G. The axle of die wheel may be 
made to carry more triangles, and work more saws, if the power 
is strong enough. 

Instead of the triangle HIK, die frame may be mofed by the 
two pieces efr, «/, going through the axis, across to one another. 
So that ak may only act on F, and ed on G. F being only in the 
plane of «^'s motion, and G in that of a/. So that F never fells in 
the way oicd, nor G in the way of ab. 

Example LXXV. (F^. 3. P/. XLV.) 

A is an eolipile. This is a hollow globe of brass, widi only a 
werj small hole at the moudi. Take it by the middle ^ and set 
k on a fire till it is heated ; then pfamge it in cold water, and t^ 
sir in it, which was rarified, will be condensed ; and water wiM 
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go into it, till it be alxwt hiilf fall. Then, if it be »tbii M%ii^ 
the water will turn into vBpour by the heat, and wHt bl6^«i(t 
at the mouth with great violence, and continne so till die ^^tfeVl^ 
spent. ^•'' 



"i 




Example LXXVL {Fig, 4. FL LXV.) :. . i: 

AHT) is a hygrmcope. BC is an index hung by the 
string; AB, the iK)int B hanging over the centre of A dicle/ 
is divided into equal parts, "iuie string AB twists and on 
by the moisture or dryness of the air. By this means, theindin 
BC turns about, and shews the degrees of drought or mc^stdre^ xk 
the circumference DC. 

Example LXXVII. (Fig. 1. P/. XLVL) ' i "^ 

A windmill. AliO the upper room, HOZ the under obe. ' ']^ 
tlie axle-tree, going quite through the mill. STVW the taiUci^ 
vercd with canvas, set obliquely to the wind, and going iiboii^% 
the order ST\'W, their length about six yards, and bti^th'tWW. 
CD the aifr-wheel of about forty-eight cogs, 0,0,0 ; wmch ctfriT 
the lantern EF, of eight or nine rounds, c, c, and' its axis ' i? 
IK the upper stone or runner ; LM the Itnoer stone. QR the ^pri4 
supporting the axis or spindle GN The bridge is supp6rfed~ 
the beams cd, XY, wedged up at r, d, and X. ZY the nftingjf& 
standing upright : ab,€f, levers whose centres of motion are^'tt^r 
^fghi a cord with a stone t, for a balance, going about the 'ifiAn^ 
The spindle fN is fixed to the upper stone IK, by a piec*e dtitoii 
called the rind, fixed in the under side of the stone. The upper 
stone only turns about, and its whole weight rests upon the bridge 
QR, and turns npon a hard stone fixed at N. Tne tninaw*^ 
and axis G^ may be taken away ; for it fixps on the lower ^>a^')lt 
t, by a square socket, and the top runs in the edge of thef b^^ 
w. Putting down the end/ of the lever /i?, raises b, lirhich itiSla 
ZY, which raises YX, and this raises the bridge QR, with th^^uilk 
NG, and the upper stone IK ; and thus the stones ate set d,f ii^ 
distance. The lower stone is fixed immoveable upon 'itti " 
beams, is broader than the upper, upon which boards ate ^l 
round the upper at a small distance, to confine the ffotii^i 
flying away ; and the flour is conveyed through the tdtikld^i 
down into a chest. P is the hopper into which the corn U' b^ 
which runs along the shoe or spout r into the hole t, and sbnft 
between the stones wlieie it is ground. The axis Gt »s sddarb, 
which shaking the spout r as it goes about, makes die com Tun 
•out : rs a string going about the pin s, which being turned abOtlfty 
tnoves the spout nearer or further from the axis, and so mffidjii 
the com ifttn in fteter or slower, according to the wmrf.i';'Mft 
Khen the i«iad fs great, die^ sails S, T, V, W are onYy'j^tt dF^d^, 
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WfViK Mw 9;;W^#re Mwrd. Towards the end S> of tbft 
pMne^ja ^oaf^HMHh^r ing'iriwel) Uiutdte, and *»•»■ «!itl| 
RKUj IM same apparatus as before. And the axle c»rne»-Uf/» 
pir in stones at once. And when only one pair is to grind, die 
Vandle EF aluVt6LjB Gt i« lakin oot ftom the odwr : ly' ia a girfA 

tiTrqod, fixed .at the end i; and the other sod I (in to 

^m, lni>v'eabb aboat A. And iha end nt beins put domtf, 

,^f,^rib ^ close to the cog-vihe«l, and by this mmiii 

^n^pfdienuU Ustofiped at pleasure: pa is aUddargoiiig 

^^^\^fPfi pait ofihe mul. The corn is drawn to ttw-toii 

I7 Wans of a rope going abotit the axis AB, when the mill it 

jfiitg. 

In nulls built iof wdod^ die whole body of the mill turns round 

'lempii^on a lampio or perpendicular post. But in those 

"-"- '""ly.llw upper part turns ; the roof is the surface of a 

is a wall plaie of wood upon the top of the wall; 

Biinel is cut quite round, in which are several briM 

e roof ha^ a wooden ring for its base, which exactly 

, channel ; and ihe roof is easily moved round upon 

_^ ^,^Y '"^'P °^ ^ ^"V^ ^"^ windlass. 

^^,.i1D0den mill, 1 is the mill house, which ii turned about 

n|(J4 by a man, by help of the [ever, or beam 3. 3 U a 

^ifjliflist up Ihe sieps i. 

^ce^bine, the position and force of the sails, .^ Ex. Sl^ 

¥'%\'. 
I".''*'' EiAMTLE Lxxviii. (%.i.p/. XLvn.) 

k^,^ yordr. puw. C the piston fixed to tbe rod EC, ina«»- 
B-j)bo)U E,' Dt the handle moveable about D, a, d two 
yi^.W valvM opening upwards. The piston C must mow 
Ei^ ,up v"l down in the barrel, and exactly fill it, diat do air 
1^1^; IRs aiade close by drcolor pieces of lealheif cut WA 
<ft Wni, anti screwed close between pecet of biass. This punp 
^l^y .pressing down ; foe when the handle. F is raised, it caiq^ 

fist^o BC,and the water rises firoin U, opens the v^^y^ 

1 into the barret, at the same lime the valve « thiui, 

put down, the piston C pressing. upon the Talf 

a,and opens a, and (btoe* the water,thal.haa bMu 

1^ through the pipe BG. Hie piston C must not be abm 

Lvject izanx the water in the well. 

\ Cf%. 2. P/. XLVII.) is another force, p,p«p, qp a liftWB 

. .N the bucket a, b, c vaties openii^ upmud.- T^ 

J ii close at the top S, and th« siaulL rn}, «f itnfw j)lH* 

«lfc,i»->«(" """^ tight with.. lwthir.,.,»i«,pwpn*<»-iS)r 

qtilB!;;atdt; tot when 4ieJian41e.,|? Kin^H>Cinb Ai)iM>m> 
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tlic bucket N, the pressure shuts the valve b, opens c, and focoet 
the water in the barrel NS along the pipe Qll. At the same time 
tliv viilvc It opens, and lets in more water from M into the baneL 
And when V is raised, N descends, the \'alve9 a, c shut, and -A 
opens, and lets more water pass into the backet N, throti^ the 
upper part. And wlien the bucket N is drawn up again, the 
water is forced along the pipe QR as before. Thi:i pump is the 
same as a lifting pump, only there is added the valve c, whidi 
is not absolutely necessary. No hole or leak must be suffered 
below the piston or bucket; for air will get in, and spcHl tiie 
working of the pump. And the bucket must always be within 
thirty feet of the water. 

In tliese pumps, the bore at H or M, through which the water 
rises, should not be too strait ; the wider it is, the faster the 
water ascends. Nor should the pipe BG or QR, that discharges- 
the water, l>e too strait ; for then the pump will work slower, 
and discharge less water in a minute, or require more force tQ 
work it. For the calculation of a pump, see Ex. 22. 

Tlierc are several sorts of valves used in pump work, as T, V, 
W ; that at T, l)eing made of two pieces of flat leather, is called a 
clack. These at \', W are made conical, or of any indented 
figure, and fit exactly into a hole of the same shape. At the 
bottom of the valve is put a pin across it, to hinder its flying quite 
out of the hole. 

Example LXXIX. (Fig. 3. PL XL\1I.) 

A B a In/dromcter, to measure the densities of liquors, especially 
spirituous liquors. This is a hollow ball of glass, B, partly filled 
with (juicksilver or shot ; and hermetically sealed at the top A, 
when made of a due weight, by trials. The small tube Ad is 
divided into equal parts, and graduated at equal distances. And 
these divisions noted to which it sinks in different fluids of the 
best sorts ; which points must be taken as standards to compare 
others with. Then, if the hydrometer be immerged in any fluid, 
and- the ])oint to which it sinks in the surface be marked, it shews 
the density of it, and its goodness. For it sinks deepest in the 
lightest liquor, and the lightest liquids are the best. 

Example LXXX. {Fig. 4. P/. XLVII.) 

AB is a thermometer, to measure the degrees of heat. B is a 
glass ball with a long neck AB. The ball and part of the neck is 
filled witli spirit of wine, tinged red with cochineal, and the end 
A is sealed hermetically ; in the doing of which, the end jof die 
tube A, the spirit and included air, are heated, which Tarifies liie 
air and spirit ; so that when the end A is sealed, and the tabe 
cools, the spirit contracts, and there is a vacuum made in the top 
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Qftfat/tikhe; and, .ihefeibne» the spirU ezpandiag aod contracting 
ta^dRftfcTMDd caid, has liberty to rise ana fell ki the tidse. Xhu 
ImM ■ jmd tube isf enclosed in a frame, which .i« divided into 
demises. Then, as the top of tbe spirit rises or fells, the divisions 
vill <idiew the degrees c» heat or cold. These divisions are 
azfattracj^ aad» therefore, two thermometers will not go together, 
or skew the same degrees of heat and cold; except they be 
made' to do so by grsuduating them both alike bjr observation. 
This r is commonly put in the same case with the barometer 
(c^..4^ P/. 36). 

. ^Dwre are other sorts of thermcmieters. CD is a ball with 
a long neck open at the end D, partly filled with tinged spirit 
a£i;winey and imt with the open end into the vessel Dj near the 
bottom ^ which vessel is half full, or more, of the same spirit. 
The top of the tube C£ is air. So in warm weather, when the 
air- in C is rarified by beat, it presses the spirit down into the 
bucket D, aad as tine, point £ descends, the divisions being 
marked, shew the degree of heat ; or, when it ascends, the de- 
grees €i cold. But this sort is affected with the pressure of the 
atmoqihere, and therefore is not so true. 

Example LXXXI. {Fig. 1. PI. XLVIIL) 

DA Js an trt^ieitd fountain. A£ a strong close vessel of me- 
tal, AB a pipe reaching near the bottom of the vessel, and scd- 
dered close at A. F, A two cocks. If the cocks be opened and 
water poured in at A, till the vessel be about half full, then 
Slop the cock F ; and, with a syringe, inject the air at A, till it 
be flnffieiently condensed within the vessel. Then stop the cock 
atr Ay and take away the syringe. Then, as soon as you open 
like : cock at A, the compression of the air at C will force the 
vater up the tube BA, and spout up to the height D ; and a 
little ball of cork may be kept suspended at the top of the 
aMaBuD. 

: But an artificial fountain is most easily made thus : take a 
strong bottle G, and fill it half foil of water. Cork it vireU, 
and through the ccurk, put a tube HI very close, to reach near 
the bottom of the vessel. Then blow strongly in at H, till die 
air in the bottle be condensed ; then the water will spout out at 
H to a great height. 

Any of these fountains placed in the sun-shine, will shew all 
the :colours of the rainbow ; a black doth being placed behind. 

Example LXXXII. (Fig. 2. PL XJLVm.) 

CpD. is Archimedes' t water screw. This is a cylinder turning 
upon the axis CD. A.bout this cylinder there is twisted a pipe, 
or rather sevieral pipes no^ pq^ running spiral ways.iroini end to 



:' ^tfieiL, And ito use i& lo screw i:^Uifl:ti«tflmifQQpll»7l<a#i 
;|ia4l)\e hig^cur. A^ is a river niniiing;%i diwQtiQiifi AB.".! 4i ^^^4^ 
' ^veral floats fixed to the cyiioder. £F the surfec^bofiVWA. wasik. 
Since the cylinder stands in an inclined position, die upper floal» 
a, h are set out of the water, and the iiiHKs' W<m c, a within it. 
JSo that the water acts only upon the under oDee-.tf^^rt-ilpd^dnnit 
about the cylinder in the order Of byC^d. -Bf tbie auMidiDdbe 
water taken into the spiral tubes at lihe \ofw ^ tDtd^i\i»fihif tie 
revolution of the cylinaer, conveyed thrpngh thiMBjciiipc^rand 
discharged at the top into the vessel- G« IfiAB/is ft«t«jldnkg 
water, were is no occasion for iheSnot^akctk Andthmtte 
cylinder is to be turned by the handW^atiS). Instopdwitbe 
jpipe, a spiral channel may be cut roupd^ltbebCiyliiider, laii 'im 
vered close with plates of lead. The clo^^i^.ttetoeflpini tIftMDaft, 
the more water is raised, but it requires moiyfitrolj. Alsa<liK9aie 
jLhe cylinder leans, the more water it carrie0> bMt tOjacien hei|^e 

Example LXXXIIL (Fig. 3. J*^, !Ki^f £)lr■^!d ' c^ 

AL is a rolling presi, for copper-plate printing;tr )DJB^ WO, 

two wooden rollers, of about 12 or 16 inches'' dttn]el«r,^Ml^ 

ning upon the ends of two strong iron axle% that gp -ipaiie 

through them, and are fixed in them. To tlie aiie of thtfiviUr 

per one D£, is fixed the handle BAG. These roftleis>nnm 

orass sockets, and must run very true upon their axlct^;:uKl 

may be brought nearer, or set further from one anoAeryiiliy 

wedges, in the frame at P, 11. HIK is a flat table or pladir^ 

going in between the rollers, and sliding freely upon 'the mudb. 

LM the frame. NO a shelf to lay the paper upoii. iWben 

the press is used, the upper roller is folded lound with^fltaMly 

that every part of the print may take an equal impcesBioii-^liiid 

.a paper bottom, spread upon the table .HIK, whne thephnc^ 

to lie, to prevent the indenting of the plank ; theiiy waindttg 

ifae plate well over a charcoal fire, and rubbing it wkhjthift^iMlt 

!.o£ ink proper for it, and laying it upon the paper bottom; ODodfll 

table at ti, take the printing paper, and laying it careftiny<QfM 

the plate, and turning the handle CAB, the . motioa -ofirjdpf 

roller D£ turns the roller FG, and draws the table ihioiMb 

■ between the rollers, together with the plate and paper ; andlw 

paper is. printed. . i .*< Sili 

.nNotey.tlie paper must be thoroughly wetted in a tn»igh<( tM 

lafter it has laid about a day or two, it is then to be pMsei 

^ough a screw press, tu squeeze the water out, and tbeiL'alMii 

.£t for, printing. .j-jpii 

The. ink made. use of for printing copper-platts^ is WBmdm\^ 
^ jsto^^.of -.peachet And apcioots, the bonaB of AmtftMAtH 

.'- f..^,. ■ ■, ^ ■■=" «:#tBW »'i^ 

•(■■• = • i 




.•h^mBMrndj-i-Ui^^-i*'' l^ ■...,^.".- •; ■' !• /.i • ..-:? .iv: •■ -i^. 
^ifioft i-Kiai» ■•«il »•!• '•'- m:*-? ■■- "' ■' _' ■ • ■ ■'' Jw'.ir 

rlini!,^ . .,£j^A»WUE tXXXlV,(l%^. 1. PiXLIXO V .- .> . 

eniaM'ijire, ^ngtite' to mse water. LL is a grfaf feom 6r tetetf 

siboiiti^M feet loiigy 2 feet deep at least, and near 52 fe^ li'hktd. 

sit ii^^thrbogh-the find wall W of the engine house, and 

iADD¥e9<]in)tt8d^nlMt^c«ntte «, upon an iron axis. CC a hollow'^ 

"^bidati'ct ^iron^ 40i inehes diameter, or more, and 8 or 9 iwt 

3i>n|p; ' P tbe putcn sustavMed by the chain LP. F the fire-ftice 

sdn&rtfnMiud ; 'BB the hoUer, 12 feet diametler, which coinmth> 

'■maktMi with- the oylibder, W the hole 2, and throtft pi^ % 

.^fiOE^'iditehftt'diatnetcar. 'line boiler is of iron, and coven!^ 

;*«« jclt)fe<%it)i' lead; ^ in this, the water is boiled to .raise 'a 

stttafii ^5'i9'lhe regkloior, being a plate within the boiler, 

which opens and 9hn^ the hole of communication 2 ; this is fixed 

on the axis 8; 4 bbmittg through the boiler, on which axis is fixed 

,0(i bdittontal' piece il^ called the spanner; so that moving A 

Ibadc iandt te^^urd, moves the plate 4, 5 over the hole2,dnd 

huJL again, r hi mu. horizontal rod of iron, moveable aboitttfte 

^jlsntA; ayeil a piebe of iron, with several claws, called the 

.wye^joso/nt^ abooc tbe axis de^ in a fixed firame. The claw W 

iifiiclovenat i; and between the two parts, padres the end of 'I^ 

ywith two knofas tO'keep it ia its place. AA is the Vforhing heam^ 

ilfc which is a siit, through which the claws xy pass, and ah! \e^ 

llfecra: b)f the pin q going between them. DDD is a leaden- pipt, 

rfsdlAd the w^ctianpipey canying cold water from the cHAaik B, 

^iii»llie cylinder CC, a»d is turned up at the end within' ihe-ey- 

Sindec^ y <he mjte^cn cocky to whidi is fixed the irbn'rod-jra^, 

4yiaghon£ontal« The end f goes through a sUt, in i^>i*^nAMiSe 

^11060 r9g, and oD^the end is a knob screwed <yn/to keey^'ittt. 

^poftr^ a piece of iron with several claws called thtei^ tilb^ieaAfl^ 

^^djout the axis ict The claw rp goes through -th^ slit iVJBSe 

dhwm.AA^and iakept there by the two pins it>,«#:* ikh «law^% 

<^^i over the ptcce gf: as the piece* gf itf ttbvifi^MMX}ikidf»-' 

(Hm^ the injectiott oMk/ opens and shuts. -1, 1;>Stb.^ sf^e^ 

i^les in the beam AA, that, by shifting-: the- p^, ii^frv^' t6''^ 

die pieces p, x, y, higher or lower, as occasion t^Aire^. ' If^^is 

tht tmfing claaky balanced by a weight, -and bptoing'^bu^w^rds, 

iO>tet.oai the air in the cylinder, at the deseento^'the'|p^tbn:''^^ 

^tone-eogites a pipe goes horn it t6 convey the s^teain out^ of'^ 

house. G is a leaden pipe, called the unking jt^ya't''idi^ 

P9«^>lpBtn|^ from the qylinder to tl«e M betf^u^^4V'i:f^ftirfUM i|p 

i«^tlitif9^,i:aiidhM4i valve dpeiikig iipwiu€^ 

the water thrown in by the cold water pipe, or injection pipe. 
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t is the feeding pipe, going from the hot well to the boiler, to 
supply it with water, by a cock opening at pleaiure. t, i are two 
gtiugv pipeXf with cocks, one reaching a little under the snr&ceof 
the wiiter in the boiler, the other a little short of it. By opep- 
ing these cocks, it a known when there is water enough in 
the boiler ; for one cock will give steam, and the other water; 
they stand in a plate, which may be opened, for a man to so 
into the boiler, to clean or mend it. m is the pt'ppet claA; 
from this a wire comes through a small hole, to which is 
fixed a thread going over a pulley, with a small weight at it; 
the weis:hi on the clack m is about a pound for every squaie 
inch. YZ the sleam pipe going irom the clack, out of the house. 
When the steam in the boiler is too strong, it lifts up the pup- 
pet clack m, and goes into the steam pipe YZ, by which it is 
conveyed away; otherwise the boiler would burst. KK a pipe 
carry inc: water from the cistern S, into the cylinder, to coiter 
the ])iston to a good depth. I a cock opening to any widenessy 
that the water may run in a due quantity; M a hole to 
let it out, through a pipe, into the hot-well H, when there 
is too much. VV^V a Jarre pump, with a bucket, and clack, 
and two valves opening upwards. This pump is dose 9t 
the top R, and being wrought by the lever JLL, it brings 
wutcr out of a pit, into the cistern S. Q the pit where water 
is to be raised. X, X, the speart which work in wooden pumps 
^vithin the pit. The cylinder is supported by strong beams, as 
7, 8, ^oing through the engine house ; 6, 6 is the first floor ; 
7, 7 the upper floor. At O, in the end of the beam LL, there 
are two pins, which strike against two springs of wood, fixed 
to two timbers, lying on each side the greater lever LL ; \ these 
pins serve to stop the beam, and hinder the piston coming too 
low in the cylinder. 

When the engine is to be set to work, the water in the 
boiler must be made to boil so long, till the steam is strong 
enougli ; which is known by opening the cocks i, t. Then the 
hole 2 is opened, by moving the spanner ^3 by himd ; theu the- 
steam is let into the cylinder, which lets that end of the 
beam LC rise up; this raises ihe working beam A A, moviei 
the efl* prg, which moves gf, and opens the cold water cock y : 
at the same time is moved the wye xyl^ which draws Ik, and 
shuts the hole 2. The cock ^' being open, the cold water rushing 
into the cylinder, is thrown up against the piston, and de- 
scending in small drops, condenses the hot raritied steam, and 
makes a vacuum under the piston. Consequently, the weight 
of the atmosphere, pressing upon the piston, brings down the 
end LC, which raises the other end LQ, which work« the 
pumps X, X. As the end LC descends, the working plug AA 
descends, and moving the eff", prgf, and the wye, xyih, shuts 
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the cold, water cock fy and opeos the hole % and the steam 
goes into the cjlinder, which lakes off the pressore of the at-* 
noephere ; and the end LQ descends by the weight of the; 
spcap X, X ; and the end LC ascends asbefore, which opeos ^' 
vkl ' dmlff 2. 8oy by the motioii of the beam Ah. op and down^ 
4^:>oock fy and hole 2, shut and open ahemately s and bytfair 
QM90I cf condensing 4iad rarifying the steam by turns, within 
tibfr-cjiindtr, the lerer or beam LL constantly moves up and* 
down ; by which motion, the water is drawn up by the pamps,.. 
^nd fbeliTEned into troagfas within the pit, and- carried away by 
dfifts or levels. At &e same time, the motion of the beam LL* 
wodu the pmnp VRV, and raises water into the cistern S. 

When the engine is to cease working, the pins a, o are taken = 
onty and the cold water cock is kept close shut, while the end 
LO is op. . 

. Ibe diameter of die pamps within the pit, 4s abont 8 or 9- 
inchet;. and the bores of the pomps where the spears X, X, 
work, should be made wide at the top ; for if they be strait,' 
more time is required to make a stroke, and the barrels are in 
danger of bursting. likewise, if water is to be raised from a 
grtat* depth at one lift, the pomps, will be in- danger of burst* 
iag; tfaerefoce it is better to make 2 or 3 lifts, placing dstems 
to Moeiye the water. 

■ Ibe spears or rods, that work in the pumps, consisting of several 
leng^is, are joined thus : eadi piece has a stud a/JPig, 1. PL LVIU)* 
and a hole h; which are made to fit ; and the studs. of one being 
put close into the holes of the other, and the iron collar g 
drore upon them to the middle d, they are firmly fixed together. 

Xliere is never made a perfect vacuum in Ui^. cinder; for 
as soon as the elastic force of the steam within is sufficiently 
diminished, the piston begins to descend, the racuum is such^ 
that about 8 lb. presses upon every square inch of the pistoti, 
oi^ in some engines, not above 6 lb. This engine will make 
13 or 14 strokes in a minute, and makes a 6 foot stroke; but 
the larger the boiler is, the fiaister she will work. A cubic inch 
of water in this engine will make 13340 cubic inches of steam;. 
wfaidi, therefore, is 15 times rarer than common air. But its 
dastic force withiB the boiler is never -^ stronger or weidken 
than common sur; if stronger, it woiild force the water out of 
the feeding pipe. 

This engine will deliver 300 hogsheads of water in an hour^ 
to the height of 60 fathom, and cousumes about 30 bushels of 
coailt in 12hour8. 

In some engines there is a different contrivance to open and 
slint the rmilator, whidi is performed dius : (l^ig, i. FL LCS.) ^ 
the beam QQ ascends, it raises G5, turns the wye 5GCED4 about 
tbeaxisAB; and ^e weight C Ming towards B; the end Estr&es 



a jimaxt Uow on the pin L, and d rives, ^le fork FL toy^ivdiX; 
which draws the spanner PO towards I^ and j^ut3. the irtigi|p» 
tor. And when the beam QQ (lescends^ a pin in it puts dffin, 
the end 4, and turns the axis AB, and the weight. C desQeBdiu 
towards 5, throws the end D of the wye against L, ^sj^ 
movirs PO, and opens the regulator: the spanner PO <pdiif 
ui)on the horizontal piece O. There is a cora ran, fixed. at r, % 
and the top of tlie wye O, to hinder it from going loo far on eaoi 
aide. 

Likewise, fur opening and shuttingt he iniection cock ; instead 
of the pieces r/f, ^'of the cff (^Fig. ^*Pl- aLIX.) some eiiigioes 
have quadrants or 2 wheels H, I, (1^* ^- ^'* L^^O with teeth,' 
which moving one the otlier, opens or shuts the cock. ^ of t)i^ 
injection pipe K. 

In some engines there is a catch, held by a chain fixed to ^ 
great beam; and this catch holds the eff ^m. £^ing.bi^i 
and opening the cold water cock ; till the rising of the l^e^xa 
pulls the catch up by the chain, and then the eff falls. . . . .^ 

A calculation of the cylinder and pumps ofihtfrt engine. ■ 

If it be required to make an engine to draw any f^ypti pu^ 

ber of hogsheads of water in an hour, from J' &lhom . deep, i 

make any number of strokes in a minute, by a 6 foot smk^i 

find tht: ale gallons to be drawn at 1 stroke, whidi ,b ea«0[y 

found from the number of strokes being given. 

Let g ^z number of ale galiont to be drawn at 1 itrohe. 

p zz pump's diameter, \ . ._j^. 

' '^ r I ♦ J- #^ « tu inches. 

c zz iylttider s diameter. J 

Then p = l/^. 

And supposing the pressure of the atmosphere on an indi M 
the piston, to be 7 lb. 

^ ^^.614/ 13.07>g ": 

Thenmi^V — 5r^=>/ — ^ 

Note, if, instead of 7, you suppose the pressure of the atmosphen 
to be / pounds; and instead of a 6 foot stroke to make % an 

r feet stroke; then pzz ^/ -L x 5^, and c = vl?:2Sl. -'i 

Example LXXXV. {Fig. 1. PI. L.) ..i^ 

AB is the vmter engine to quench fire. D, E are two jndM 
5 inches diameter, having each a clack a, b opening upWajiniL 
CO a large copper atr vtssel 9 inches diameter. This v^ssd. 
stands upon a strong plate kw, 5 or 6 inches above the bt^tt^ 
Of the chest NM. SY is a brass pipe coming through ifte'^JAA 
^ the €M iik^ S^ w4 at Y it divides into two carSSe^ f6Bft 
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uob^"-^ co^'p€r pot CO, to the two pumps E, D. The cavity 
"rtfrfeds to the pomp E. And directly above this caViy 
^PV^^ there is another cavity y, communicating vriiBti the pump El[ 
**"' 'a^bbve th^ caviiy y, is placed the valve r, opetAui^ uti^ 
if inif^ tii^'^ppet pbt iJo, ^om this cavity. There'tfir 
WW^ (^Hies^'bdoiiging to the pump D; the first going tc^' 
ATyitveax the other from the pump to the valve s of 'M 
Sip^ydt. These cavities are made of hollow pieces of brasif 
screwed fast together. Z is a cock, through which are t\r<y 
lassies, one along the pipe SY, and anodier at the side of the 
^ ^ into ftie chest NM. This cock, by turning the handle r^; 
i one passage and shuts die other, as there is OccasidQ; 
a leather pipe to be screwed on* the end S^ to draw wafelr 
oirt^of a well or river. 

''^l^ft IS Ihe conduit pipe reaching near the bottom of the vessel 
CO| and soldered dose into the top of it At R and Qare 
^TOvrs, so that the pipe may be turned in any direction by the 
man that holds it. And at V a copper pipe must be screwed 
on, or else a long leather one, which, being flexible, is carried 
into rooms and entries. HI an iron axis, to which the iron 
TevefS F&, LK are fixed. This axis moves in sockets about 
H, . I, which are screwed hard down. FK, GL two wooden 
handles fixed to the levers to work them by. gA, pi are two 
ah:fies of iron fixed on the axis HL /(/, mUy die shanks of the 
pistons, being two strong . rods of iron. Jg^ ht, loy mp four iron 
chains fbced at y^ g; and A, t ; and /, q ; and at m, p. At J 
and m are screws to. screw die chains tight : diese chains work 
the pumps. For when FK is put down, the chain fg pulls 
down the rod of the piston fd. And when FK is raised, the 
fkam th pulls it up again. And the same way the chains ^, 
mp raise and depress the piston mn. In some engines there 
are two arches, like hg, tp, fixed near the end I of the axis, 
and chains at them ; from the ends of .which, as also froc||» t 
and gy two boards are suspended. These boards serve for treadles 
isi-inea to stand upon, to help to work the engine* -^ 

,- The vessel CO and two pumps are inclosed in a chest AN^ 
and the whole machine moveable on wheels. The fore axle- 
tree -turning on a bolt in the middle, for the connmiency of 
turning to either side. But there are a great many forms of these 
engines. In some, the lever lies dtcs% over; in others, length- 
itajfs; in some, there is no chain work, but oi^y pin^ Uf^4ht 
jj^^oQS to move upon. ; .>• ? 

: Wh^n the engine is to play, if it is by the water ,ia a -nT^ii 
Iflii-ilj^ pipe Xor must be screwed on at S. aiid. tW«ud |;;pj9il 
|S\to the water. But if water is. to, be ietclM|i^i|Lgmuit;b(ft 
MAK<1 Junto 4he cbflU M, which nuKS tbvi^u^ w tms^^fjp^ 
vie body cf the engine N. Then turning the cock oeZ to open 
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the proper communicatioii, t\\e handles FR, GL, nraat be 
moved u|> and down by mf n ; by which means water is draim 
into tli(; pumps K, D, and forced into the vessel CO, and oat 
of the pi[)e I'll. For the piston mm bein^ raised, the water is 
drawn alonp: tlie cavity ZYW, through the ralve d, into the 
pump K ; and when mn is depressed, the yalve b shuts, and tbe 
water is forced into the cavity ^, through the valve r, and iato 
the pot VA) ; which cannot return for &e shutting of the vahe 
r, when the piston mn rises again. And the like for the other 
pump D. Since the piston of one pump goes down whilst die 
other ^oes up, the water is forced by turns into the vessd CO, 
by these two pumps ; so that there is alw^s water goii^ in. 
And the air confined at top of the vessel at C being condensed, 
will press the waiter up the pipe PRQV, and make it flow with 
a continual stream. If the water in C be compressed into half 
the s])ace, it will force the water to 30 feet high. 

In some engines, there is another pipe, as PR, coming throng^ 
the copper pot, and through the side of the engine, and these 
two pipes may play both at once, if there is occasion. And if 
not, the end of one is screwed up. 

Example LXXXVI. {Fig. 1. PL U.) 

A ship. This is the noblest machine that ever was inv e nted^ 
It is so compounded, and consists of so many parts, that it would 
require a whole volume to describe it. Some of the principal 
parts are these. 

A the hull. V stays. 

B the bow. Vv main-6tay, &c. 

C the forecastle. W shrouds. 

D the main deck. X main-top-mastback-stay&c 

£ the stem. Y the crane-line. 

F the ancient staff and ensign. Z the anchor, to which the 

G the poop-lantern. cable is fixed. 

H the rudder. 

I the bowsprit. 1 . Main-lifts. 

K the fore-mast. 2. Fore-braces. 

L the main-mast. 3. Main-top-sail-sheets. 

M tlie mizen-mast. 4. The fore-tacks. 

N top-masts. 5. Fore-top-sail-clew-lines. ^ 

O top-gallant masts. 6. Main-top-sail-leetch-lines. 

P sails. 7. Fore-bunt-lines. 

Q yards. 8. Mizen-bow-lines. 

R vanes. 9. Main-top-sail-halliards. 

S the jack. And the like for the rest 

T the pendant. of the sails. 

Most of these ropes are for hoisting the sails, and setting 
them in a proper position to die wind. For the wind always 
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peipendicoUoly upon the plane of any 8ail^«iNliir§e&tfae 
-in direction of that perpendicular. And by the Mp eif 
n^er H, she is made to keep any direction requiied. For 
A mdder be put about to any side, the water (as the ship 
eft. along) will act violently against it, and drive the atam 
oyiitrazy way, or her head the same way, as the rudder. A 
^ith a fair brisk wind will sail 8 or 10 miles an hour. 
hfi.t any one sail may have the greatest force to move a shijft 
S^ord, it must be so placed between die point of the wind 

the ship's way, that the tangent of the angle it makes mik 
)Vni|d« may be twice die t€mgent of the angle it makes^jRrith 
ihip's way. 

T^yenthe rudder is set to an angle of 54^ degrees with the 
^ it bias the gr^test force to turn the ship, and make her 
pv}^ the helm. 

iecanse the figure of a ship is the cause of her going well or ifl^ 
r,qf; makii^ m^re or less way through the water ; I shall 
). give the construction of the fore part of a vessel, that wiU 
j^.^rough the water with the least- pfossible resistance, 
et IkiAcC {Fig. 1. PL LXV.) be the water line, or horiiontal 
urn of the water and the hull oi a ship, AB 30 feet, CD the 
ytest breadth 20 feet, fiC 10 fi^eet. Ae£ the stem and part 
le keel. Then the following table shows the length of every 
joate, as he, taken at the distance Ab, or 1, 2, 3, &G. fisei 
1 A; by which the curve AcC is determined. 



Length of 


Length of 


Lengta of 


Length or 


ABinltett 


be ip feet. 


AB in feet. 


beinftet. 


1 


0.90 ; 


i 16 


636 


2 


1.48 ! 


! 17 


6.64 


3 


1.96 


18 


6.92 


i 4 


2.39 i 


1 ^^ 


7.19 


: 5 


2.79 i 


• 20 

1 


7.46 


6 


3.17 1 


21 


7.73 


7 


3.54 ; 


22 


7.99 


8 


3.89 i 


23 


8.25 


9 


4.22 


; 24 


8.51 


10 


4.35 '■ 

1 


i 25 


a.76 


11 


4.87 


26 


9.01 


12 


5.18 


27 


9.26 


13 


5.48 


28 • 


9.51 


14 


5.78 


29 


9.7«, 


1 '' 


6X)7 


. 30 


10.QP 
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Thejifwthei9thu$: having: made AB=:30 ft«*, Wd^/ •fAdMi''^ I 
ini^ly, rlivide<i it into 30 equal parts; at the Mfvemr'pioytififf'' 
division, cred pei-pondiculars to A B, equal to the lengtHs^vdafiif { 
the secoiul column of the table. The curve AcC dfawn' ^birddA* 
the (mkIs of all the ordinate^, is the figure of the ^ip ohe^diHfMr. 

The curve AcK, which the stem and keel make, mtisc'TN^^'^'; 
same cur\-e as AK^; if the depth BE is supposed equal- to 'M^'' 
and the ordiiiates be, BE must all be drawn perpendidilar fty AB.'' 
But if tlic depth BE be taken greater or less than BC, then the 
ordiiiates must be taken greater or le^ in proportion. 

Again, if CDE be tlie section of the ship, made ilerpifeiidietdtr 
to the axis AB, or horizontal plane CAD, and era b^' any otMf 
section parallel to it ; then, whatever the curve CED is, ill M 
sections ced must be similar to it. 

If a ship is required to be built either greater or leM Ihtftt'dito, 
then it is only taking a greater or less l^gth. ilistaid of'ti'lMt,] 
and dividing it decimally, and using it, instead of a. foo^ tb'tt^' 
sure off the lengths, as in the table. •' i .f .» v.i.i. 

Likewise, if it was required to have the breadth tb'lMif ^(ttMt - 
or less than is here assigned, whilst the length remains *die ^fiito^ ^ 
then it is only taking a proportionally greater or l^s lilies iristellfl" 
of a foot, and setting on the ordinates 6c by that. And tfatb thiBr 
requisites may be altered at pleasure, still retaining the ^neiiil 
construction. ■ • • '■'• •" 

If any ship carpenter tliinks fit to build a ship acconlhiff*tj[)^ ' 
this model, it will be found to m -ve faster through the 'watH^ 
than any other ship of the same length, breadth, and depS^*. 
and of a different form. The form of the curve is truly i^pHf-* 
sented by the curve AcC. • '''' 

But it must be observed, that the curve at C, the brdod^fstf' 
part, is noi perpendicular to the ordinate BC, but tnaJk^ itf'. 
angle of about 7(3 degrees : to avoid this, it will be proper tt"^ 
produce AB a little further, and turn the side AC, at C, rpxmrf 
in a curve, as quick as possible. Or else make the 2 or ^ ^^'1 
peri>ciKliailar ordinates, something less than in the table^ tbli^ 
the part of the curve at C may be in a parallelism with AB, ak'ft •' 

;ht; because C is the broadest part. * '* '^ .^ 



ou 



part. 

liut though the form here given is the most proper Ibr ^l-^ 
ing fast ; yet, perhaps, it may not be so commodious as the c&n!''^ 
mon form, upon other accounts, as for the stowage of goOds^*' 
&c. Yet privateers and ships of war made lo pursue the eh^iiiii: ^ 
ought to be built as near this form as ihey can conveQientW.^^ 
For it is a matter of great moment, either to have it hi"6«"^ 
power to come up with a ship we are able to take, or el^e^m" 
fly, and escape fVora one of superior force. ' ■* 

That a ship may steer well, the water ought to come freely 
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■nd directly to the rudder ; and, therefore, she mutt not be too 
il|g|^f^f>|^ vMsHip^ 4he ^teni i and toviwKU tjm iftemphe 
^W4jT?^:^^ wi4 be built vary thin below, lessening pwdu^Qy^ ^ 
t<)| jt^.;^nMKist. . - likewise, she must draw .considerably . nifl|p9 (< 
iM^^abaft jtnan atfpre. To caory a good sail> and also to «n»4:^ 
ro^ra^ she mus^ be made pretty deep in the hold. As V^.* 
iS^ASui.yiQtVf or upper part of the ship, that may be left to 
dit^n^y. of. the builder, or contrived to answer such convcnH 
tofff^ 9# niijr be wanted. 

^^' ''"' Sample LXXXVII. (Jig, 1. PI LII.) ' • 

^J^^nx^mr. ptaqk C, D two brass cylinders, 2- or three inches 
dl9fp|#H^,a^d a foot high, having two valves at the bottom 
o^ff^ifqf upwards, t, t two pistons working in the cylindej% • 
havmg two valves also opening upwards. FF a handle goci|^ 
ufl^Bjthf .'.aius of the wheel or lantern £, which whed, by the 
te^jjpHj ij^fes.. the -racks G, G; and by them the pistons, witirinj 
tlJAi^li^er^ ;0r pumps. AB a table or plate supported by ^ 
pulars V, I, I, I. H the receiver of glass, which, hy the hollow * 
yiffir/oi Iviua nodQ^ called the swan's neck, communicates wiAi 
th^^jCyJUvAers by means of a hollow brass pipe PQ, into- 
^Y^e^ ^^an's neck passes, m a mercurial gage, being a » 
gli^M ;Jtube s^lnding in the bucket of mercury <, aud commuu^ 
c{j|i|ig,.witb.the pipe no. K a cock under the table AB to let • 
in air into the pipe nOy and so into tiie receiver, when there is 
ottiasicuiu. 

-W_ j" ' ' 

'Wh^n Ijbe'Air is to be drawn out of the receiver H,-a wet'..- 
k^pefv is^ placed over the plate^ and upon that the receiver H.- 
Tlii^J;auung the right hand F, the piston / of the barrel D i», 
raised, wfiich takes off the weight of the atmosphere ; eonee*.,: 
qu£|^^ iti^ air passes out of the receiver H, through the swab's 
nedi^ ju^f and throu^ the hollow brass PQ, through the valve •• 
iv^ ihk cylinder D. Tben the right hand F put down, ^1 
rajr^e. at the bottom of the cylinder D shuts, and the.^ passMT 
tlmmgh the valve at /: at the same time that the Laft bandit 
be^pg raised, draws the air from the receiver, througb n0Py'> 
thjpugh |t^ valve into the cylinder C. So thai by the motibiikj 
or the handle FF up and down, the air is. at lepgtb- dt^wn pa| . 
of j|))e receiver H, by the pumps C, D ; and. the csri^ of 4ie 
air^^within the receiver, is known by the h^ght of the merauiy,:. 
in.tpip. tube r<, which is known by the graduated finun/e«. Aa!-i 

"^ V^te vacuum can never be perfectly made. For when tii«^ 

|g of the air is so weak, as not to be able to lift up.tbe. ^ 

at the bpttom of the cylinders, no more air can be diaw^'{ 




lliandle F {Fig. 1. PL LIIL) isk^y oyifil^JP tf^ 
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one yvay ; thus A » a crank turned by the handle. £• .< NW Ibe 
leader or sword going over the pin I, in the.ivheel ^ Whilst 
the crank A is risiiigy it raises the side S of the iffheoly aA^-whtD 
the crank descends, it thrusts down the same aide & of thft^^beel 
£. So tl)G racks ni-e alternately raised and depressed, oftlhe cnnk 
goes about. •^.'.- 

Tiierc arc several sorts of glasses made use of fi>r the air 
pump. As A {Fig, 2. Fl. LIII.) a receiver open at top, eofered 
with a hi-ass i)late and oiled leather at D, and kept down by the 
cross ]>iece Kt\ screwed down upon the pillars BC, which piUars 
are screwed into the table AB otthe air pump. 

II (J*'^. 3.P/. LIII.) a receiver open at top, with a plate and 
collar or wet leathers K, through whidh goes the slip wire GI, 
so tight as to let no air in. This serves to lift any thing up by 
tlie hook I. 

MP is a transferrer. N is a plate and leather, on wJUch 
stands the receiver M. NP a hollow tube gmng througl)^ the 
plate. O a cock to open or shut the passage. The cook O being 
open, and the air exhausted by the pump, and then the cock 
being shut, the receiver and pipe may be taken away from, the 
air pump, the vacuum remaining in M. 

L a receiver close at the top; with infinite othera of. like 
sort. 

Example LXXXVIII. {Fig. 1. PL LIV.) 

London-bridse water-works. AB the axis of the water-wheel 
CD ; which wheel is 20 feet diameter, and the axis 3 feet, and 19 
feet long. £, £ 26 floats 1^ foot broad. G a spur wheel fixed 
to the axis AB, 8 feet diameter, 44 cogs of iron; thit, moves 
the trundle H 4| feet diameter, and 20 rounds; HI its .iron 
axis. IK a quadruple crank of cast iron 6 inches iqoare^ eich 
crank being a foot from the axis. The crank is £uftened .to, the 
axis at I, by help of a wedge going through boHi, whic^ icautes 
the crank to turn. L, L four iron spears belonging tob die 
cranks, and fixed to the 4 levers MN, 3 feet fWun the . ends ; 
which levers are 24 feet long, moving on centres in a finnpe of 
wood. P, P four force pumps of cast iron, wrought by, feur 
pistons or rods, NP. These pump are 7 or 8 inches diameter, 
navin|r valves opening upward. O a hollow trunk of cast iion, 
to which the pumps are close fixed. Q a sucking pipe -.going 
into the water. R, R four hollow pipes, 7 inches diameter^, and 
close fixed to the lower part of the pumps ; these pipes are jslote 
screwed to the hollow iron trunk S, into which 4 valves open. 
T a pipe communicating with the trunk S, through which the 
water is forced to any height. There are also four forcers placxd 
at the ends M, M of the levers M, N, and workin|^.in Ibur 
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'WW. .At^Bi^the"bt]Kr iendi of th« asift, tlwitfrsripiaced mwi^ 

"Hfe'siiMife^toilr'a^ at'A; -to thai'tiM great .wfaest CD.vorkBl^ 

''flittipB;' 'Tifere i» also- a; inatihine made of Qog^<«rtifleb ftaii tHBi- 

^mS, ebntrived to nlae the gieat wheri as. tba tide nea. Xhe 

great wheel will go at any depth of water ; and as the tide tsiBSy 

'^IhH^hiMls go the same way with it ; but stand still at high and 

'■•l»l#*watfer. ■ . •. ' . -I .•: ■ 

"^' a!s 'the great wfiecA is- carried about by the tida^it -caniev 

'ii^tiiid ilier sptir wheel O, which carries l&e tnmdle H.arididie 

cranks IK, which| by the swords L, more the leirers JUN/ When 

ihe'^nd M is pulled down, N is raised with- te piston KP in- 

^ t&e^ jmnp P, by which means the water, is drawn oot.of th^ over 

tfaaoogh Ae pipe Q, into the pump P; and when 'NF lAe^ 

so»ids, the inadve shuts, and the water is? forced thioaglitfae 

«^ R, Arongfa the trunk Sy and aloBf^ tba pipe T into the 
Wa. And when N' rises up again by the motion of -die erank% 
-^^titt^^Vi&Te in 9 ikmXgy and that in the pump opens, and more water 
^IfldeflP' thMtigh* tiie pipe Q into the pmnp P. And as< die 
'^itteitts staid eviary way, there is always- water nAng in some of 
the pumps; and some always ibvctng'diroiiighR,S,-T&f:'r When 
"^-tide M strongest, the great wheel goes -6 timeai rovnd in a 
minute. This engine is said to raise 30 or 40 t^usand hogsheads 
of water in a day. 

; . £xyufpu LXXXIX. (Ffg. 1. FLLV.) r 

^ TkepikiengMefor Wesimmster^fridge. A the great ':co^-wlifeel 

fixed to the great shaft D. MO, a trundle and fly: tarned^by 

the cog-wheel; this is to prevent die horses fixmi idling when 

die lam is disdiarged. B the drum or barrel on which tt^ g#tat 

TCrpe is wound. C a less barrel on which the rope L is wound, 

"^torying the weight N. Hie use of this is to hinder die follower 

fiHctaa-ftUingteo tet. The barrels BC are moveable aboiifethe 

sbdsD. The cog-wheel and barrel B are fixedi togedier 

thd boh F, going tfaroi^ the cog-wheet^ into- the: banel. 

■'n a lever moveable about 1, going through the groatdrnft 

*0iis' lifts up the bolt F, the.^id £ being made h^viK^i^ a 

"^^^^^ight ; by which means it looks the bah^ B to the great .'wl^l 

-SAli ' id the forcing bar going into die ^hollow axis: df the great 

..'^UiiftD: this rests upon the lever £1. XY<ii great lever moie- 

^"\<^le about 3, the end X being heavier, which, with die cbd«Y, 

^WrtesMs down the bar KI^ durusts down-the end of ithe leweriat 

'■t\' ttoA lets the bolt F descend, to nnlodt -the.- barrel <>.: Z a 

'hibe fixed at X, and going up dirougii the guides ^t B; GK a 

' tin6kxA ieVer moveable about 2, die K^er at :dw^end Grbeing 

)ptessed widi the great rope^forcee the eid l04igaiBattfaec«lch 
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at K, and hinders the bar KI from ascending. When the rope 
H slackens; ^tfie spring 7 forces the end K from «i« «M^,'aMf 
the bar KI ascends. H the great rope (^ngToerml the^bohi^ 
R, over the pulley P, up to the top and over the t)u1ley^^^ 
then down to the follower, where it in fixed. T the- rain fM- 
drives the piles. S the follower, in which is fixed the tongs' Wy 
moveable aoout the centre. \'V the guides between which tfte 
ram falls. At the inside of tlie guides at R, where they tsnfm 
tened toj^ther, there are two inclined planes. At the bofibm 
of the follower is a slit, to receive the handle 6 of the ram T; to 
be taken up by the tongs W. a, 6^ c^ cf timbers for horses to 
draw at, in direction abed. 

As the hordes go round, the great rope H is wound abont Ae 
barrel B ; nnd the fcrflower S, and ram T are drawn np, till ttie 
tongs come between the inclined planes, which squetein^'-ttiff 
ends 4, 4 toiiether, opens the end 5, and lets the ram foll'«o#n. 
Then the follower S taking hold of the rope Z, raises the end- 
X, and depresses the end Y of the lever XY, which UmAttr 
down the bar KI, which thrusts down the end FI of the^ Icwer' 
EI, with the bolt P, and unlocks the barrel B, which tttitaill^ 
about the axis, the follower S desoends by its weight, till it comes 
to the ram T ; and the end 5 of the tones slips over the handle 
6 of the ram. Then the rope H slackens, and the sptitig 7 
forces the end K from off the catch at top of the bar KI, ted 
lets the bar rise, and the weight E raises the bolt F, and lock« 
the barrel B to the wheel A ; and the horses still going abont^ 
the end 5 of the tongs takes hold of the handle 6, and 0ie 
ram T is taken up as before. . ' - • ■ 

All this machine is placed upon a boat, which swims upon the 
water ; and so is easily conveyed to any place desired. 

Example XC. {Fig, 1. P/. LVI.) 

GH a blowing wheel, AB, CD an iron cross; to this iir 69^^ 
the circle of iron £F. To these are fixed 12 leaved ly ly I^ 
which reach no nearer the centre than the iron circle. '1^ 1,4 
are holes, throu<:;h which the air passes into the cavities bc twSe ft 
the leaves. There is the same cross and iron circle on the-iodbtV'-- 
side, but without any hole. Through the centre of both sides 
is put an Iron axis and fixed there, and on the further eiu) a 
handle is put to turn it by. This wheel is indos^ in a di^, 
which just touches the edges of all the leaves. But the rinft'p^' 
out edge KK is at a small distance from the ends of the letrtes.'^ 
On this side or flat of the case, there is a hole left agtiiqiii 
the holes 1, 1, to let the air through; the other flat is^ctoife!:' 
LM is the sucking pipe, being a tube fixed upon the case; M' 
as to communicate with the cavities, by the holes 1, 1. O' 9 









j^ti^fynii^^oiri^ eafMy fkft a3(b ltinMM9i^ ttOI cMnM 
]Mce^,rPi(^tf4 fixed toth» ^lawi: tbe bftocU^ bfiiui^ Qf»;jth« rlwdl 
$5^ rffc^he ifigpre. 1, ^rf is- a thin, ring #f w^^d ^MlRpitfg ifnh 
Icwr^f^l) A^^g^rr afid- the like on the other M4» r/Onjh^M^ 
i^jlgfl;,;^ pui iw^ cifeUs of blanketing- to 90^ clWiO/lb&.CM^ 

~ ^^ u^i^n the iron circle J^. - • • n ,;' } rn-^-i 

((frame .being ^ed, and ^e bandki terMd abmii i^i Ail 
^ler ;^AD, the amotion of the leaves sioves tiM^ dir^^etjfi 
i||)ri^^4o4he outsidei wbijsh being oonfined by the riii^ is- linsw 
in a tangent along the tube G ; whibl new air aaseads akintf) 
4y% ffo^^kiqg |Np9 LMi passes through the hole in thefinuBMy-^OcT 
%lfqgli ti^ ^jyolJ^.t, 1, i«to the cavities between the leaves I'fwlr 
s$li|lHm^Q.^t of i^ wheel, through the blowing pipe Cn . \r.n} 
ii)|t >1|^ .-pipe ^fJM. be continued to the place where any fouliM^ 
ilnjt^fiifiay fiooov be thrown out through the tube O, and «Ml9' 
lipi^r ^oad. r:Or if the tube LM coiHiDunioate witli\4^ 
Vf^\ i^Ti mni f& with any close room, freih air may presentty.-l^ 
i|llll^ ilMOtthe,iK)OBU • VA. 

't"*'^ Example XCL (J%. 2. PL LVI;) - . l;'*^ 

^ i^w (urtifiamlfotmtidn to play with either end up. A ftnd* 
^xl^oiaii¥ities;-FO, KB two open pipes, fixed to the bai ins «f t 
^<9^, Q. ) GHI apd CDE two curve tubes open at both en^I 
l^tffij th^ fiMintain stands on the end. A, pour wat^ in lit Ql" 
tth^n 'mrning the fountain like an hour glass upon the end "Bi: 
the water will descend through the pipe CD£, and spout (^t-at- 
£f{i 3^ air passing up the pipe Or to give it liberty. Ttie'iva- 
ter felliibg down upon the basin £K, runs thi^ough the ph% 
KB, into the cavity B. And the fountain being turned, Uje 
water will descend through GHI^ and spout' outf at I, as before. 
Asd^' being turned, it will play a>firesh as often as yo|i-iiri||ir> 

I^Kkt^ white the jet E is playing, if the end -b of jlike ipipil; 
^P'^ stopped with the finger, the jet will cease {paying; indSlW 
btting^r^aken o£^ it will begin againi and 10 may- be iqidte ift? 
pJjig^rcStpp at pl^isure. . :.:5?^: 

'^!' ■" Example XCH. {Fig. 3. >/. LVL) " " ^ t';: 

^f^ a lOBlcr barometer. AD is a small tubeopai H j>oth j^siM^ 
elfo^^l^ed 'in. the neck of the bottle CE^ Then ihe bolOe lMri% 
a 2^^! warmed - to drive out some of the air ; .. the eti4 A^'i» i«« 
io. water tinged wtth cochineal, wi^ch goes ifil* tl^ 
as it cools. Then it is set upright; aiid ^erwitef.^MQT Wl 
t»j9 ^tand at fpy point B, if sueking -of ; b i» .w i n f U^ 
Js a vtry^«eosiUe Varomrtar; ibr if: jt l»ijWlWMBiLiP<na|fe 
hq;her place, a very small decrease in ^ air's gravi^, will make 




2-20 DESCUIPTION OF Si^XIH. 

the water rise sensibly in the tube. This may be nudk use of 
to find the level of places. But it is subject to this incoiife- 
nieuce, that it is a thermometer as well as a barometer, tiie 
least alteration of lieat raising the water in the tube. To f»- 
vent which, it must be enclosed in a vessel of sand ; and uieii 
tlie uir included in the bottle, will retain the same degree of 
hcut, at least for a small time. 

Example CXII. (J^. 1. PL LVII.) 

AD()F is a. Jet ePcau. AB the reservoir where the water is 
kept. CD TO the pipe of conduct, which conveys water from 
the reservoir. O the cock, or adjutage, being a small hole in 
a thin horizontal plate, fixed upon the end of the pipe, thxoogh 
which the water flows. OF tiie jet of water, spoating up thRMi|h 
tlie hole O, which descends again in the streams F£ and f H. 
OF the height of the jet. AG the^ horizontal height of the wa- 
ter in the reservoir. If the part UO of the pipe of conduct be 
buried under the surface of the vrater KH, and be invisible, 
the jet will seem to rise out of the water KH, as in mai^ artifi- 
cial fountains. 

Tlie adjutage is sometimes made conical, but the best sort for 
spouting highest, is a thin plate with a hole in it. Tlie bore of 
the adjutage ought to increase with the height of the reservoir, 
and tlie larger Sie adjutage, the higher the jet will go, provided 
the pipe of conduct be large enough to supply it vnth water. 
Pipes of conduct ought not to be made with elbows, but to tnm 
off gradually in a curve as DIO The diameters of pipea<if con- 
duct ought at least to be 5 or 6 times the diameters of the adju- 
tage, or else it will not spout so high. If a reservoir be 50 feet 
high, and the adjutage half an inch, the pipe of conduct 
should, at least, be 3 inches ; or if the adjutage be au inch, 
which is better, the pipe of conduct must be 6 inches. And in 
these cases the jet will rise to the greatest height it can have. .<.In 
general the diameter of the adjutage ought to be nearly as the 
square root of the height of tlie reservoir. And if youwoDld 
have the velocity in the pipe of conduct to be the same at all 
heights of the reservoir, that the friction may not increase too 
much ; then the square of the diameter of the pipe of conduct 
must be as the cube of the diameter of the adjutage. Wben 
water is carried a great way through pipes, the friction of tie 
pipes will diminish its velocity, and the jet will not rise so bigfa. 

A jet never rises to the full height of tlie reservoir- If tbe 
height be 5 feet 1 inch, the jet will only rise to 5 feet;^ihus 
the jet OF wants the space FG of the height of the reservoir. 
And the defect FG is as the square of the height of the reservoir 
OG. But smaller jets frill short more than in that proportion, 
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beng-awre relftrdod by the resistance of the air. The greatest p^ 
atiper lise 800 feet high; for tie velocity is so greai, that (the 
««ter is- ^Ksaipated into' small drops, by the zeaistaiiofrof ^t^ii^ 
Mf rai of ^rk cfir light wood be laid at F» it ^1, be rasi^cvkdti 
ibyf tlfe'.piHtff'Of waltoy and {day there without fiiUing. i . ; ■ . r 

Example XCIV, (f%. 2. PL LVIj;) . .' \ Z 

AGE is a compound steelyard, for weighiog vast weights. IG, 
CK two levers moveable about B aipd £. LE, MB two fixed 
pieees. AC a cross bar supporting the end C, and mofeable 
tboat the pins A and C The centre of gravity of IG and AC is 
in B; and of CR and the hook DN, in E. H the weight to be 
we ig hed ; F the counterpoise moveable along the • gradoiited 
lever £G« The machine is hung upon the hooks at I^ M. 
Here the power F is to the weight H, as ABxDE to CEx BF. 

Example XCV. {Fig. 2, PLhVm.) 

•'ABC is a hone mUl to grind com ; C the smer wheel having 
Ttcocs;; B the lanihem of 7 rounds; A tne koppery £ the 
sAoe; F^ G the two millstones, H a lever or arm 8 feet.loofy 
:gDing into the axis D of the great whed ; I the traces to wbidi 
ooe or two hofses are yoked. As the horses goes about iat the 
path 1 3 S^ he draws the arm H, whidi turns the great wheel C, 
aid iSbap drives the trundle B with the upper stone F^whieh 
^pands the com ; ihe com is put into the hopper A, and feUing 
mto te shoe £» runs through a hole at top of Uie stone F^ and 
in between the stones where it is ground. RL is the upper floor. 
He vHiole is widiin a liouse. 

- Example XCVI. {Fig. 2. P/. LIX.) 

AB a lifting stock, set perpendicular ; its use is to raise t*4preat 
weight. LO is a slit going through it, in which th»e >iaa«es 
the lever CD. n, KK two sets of boles; into whi^. go 
tfao pins G, H. When the weight W is to be raised, it is< fasu^g 
on Ine hook and chain at the end D of the lever. And the pin 
G being put into the first hole I, and the end C being fiat 
down, ^ other end vrith the we^t is raised, and. th^/4be 
piiifH is^put into the second hole K, under the Jevee; thipiiitlie 
naf C being raised to E, tiie pin G is put into Uie'seooDd^hoi^.f . 
Then £ being put down to C, and the eDd'F>iaised> llie-j^jH 
is put into & third hole K. Thus the levee and piw bei^ 
thus shifted from hole to hole, the weight W ia by- degrees 
raised up. 



''I 



ExAMPXE XCVn. {Fig. 1. J?^ J[X) . . h ../^ 
A bob gin, for raising water. AB a barge w«teMirti€id earned 
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by the water W. C and D two cranks, upon the'«xi%tlii 
side the wheel, l>'iiig contrary ways. EF, OHytwo pNCtSjof 
timber moving about on tlie cranks C and D, and also rooveAle 
at the joints F, H, upon two pins. FI, HK two heaLni,^Taonoig 
on the axes L and M. I, K two arches with chains fixed to tbca, 
by means of which the pumps O, N are wroiighL When tbc 
water^wliecl y^oes about, one crank as C pulls down the bar EF, 
together with the end F of the beam FI, and at the . same time 
raises the end J, which draws the water up in the pump Q. 'Ii 
the mean time the other crank D is raisings the end H, uid de- 
pressing the end K. When, by motion of the wheel, the cmnk 
C begins to ascend, the end I begins to descend, and the. end K 
to ascend. So that one beam goes up whilst the other ffM 
down, and there is always one pump working. 

Example XCVIII. {Fig, 1. P/. LXI.) 

A giinpowder-mill. AP the water wheel ; B its axis. RPS 
the water-course. K a spur-wheel carrying the two drums C, D, 
and the rollers CF, DII, to which they are fixed, a, a» &ea 10 
or 12 pins, or cogs, fixed in either roller, equally on all sidfs* 
6, bf &c. 10 or 12 pestles, 10 feet long, and 4 or 5 inchea bioad^ 
armed with iron at the bottom ; in these pestles are pins fiztfl 
to answer the pins a, a ; which lift them up as the rollen ^tum 
round, my m, &c. are wooden mortars, into which the jaestfas 
fall ; each mortar will hold about 20 lb. of paste. OQ, IK^ ^ 
are timbers through which the pestles work, and serve to. kaip 
them direct. 

Tlie materials being put into the mortars m, m ; as the j^jO 
goes about, the pins in the rollers take up the pestles ^, 6 by their 
pins, and when tliese pins go off, the pestles fall into the mortan 
m, f/i, and beat the ingredients to a paste. And as these cbgi 
are placed on all sides the circumference of the rollers, Ifane 
will be always some pestles rising, and others falling, ia^a legiblar 
order. 

Example XCIX. {Fig, 1. PL LXII.) .; 

A crane or engine to raise a great weight, and keep it in any 
position. AH a double wheel for a man to walk in ; CD a:8paih 
wheel upon the same axis. £, F, G are three wheels also meei 
upon one axis, of which G is of wood, and E is moved by:CDb 
HI is a catch, moving on the pin I ; this falls in between -tlii 
teeth of the wheel F. KUVI a half ring of iron, in which- is jA 
groove, going upon the edge of the wooden wheel G. Nldfi 
piece of timber fixed to the ring at M, and to the lever PN, and 
is moveable about the pins M, N. The lever PN is moveable 
aboat the centre O. QR a wooden rod, reaching tatfae oatob 
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Bfi^astBiig AuqA te^ tin leree sib F^i . WWfAmtgfO!^jiu^ 
li^amiofiUie gtOBit v^wel to raisfrftii€L«nigl>fe.»ifv;r or^} sbie 
miitbe gitet vtlteel: AB goes roubdytogirthcrjwMbfCDfftlMi 
rXWT.nises the weight W. The Mrheial OD. dn.ve8):£yil<M 
(wiOi^P andG; and the end ofithie cat«htIM.bUdet fte^ 
li^eetkof the wheel F; and the moiVMh&aag^stOjpfm^ 
xb IH acting against. the teeth. of . F, binden the. mimth i 
mung back, and so Jceeps the wdght W suapended^.'^BHl 
^p|iU at the string T, it raises the ie?er PO^ and ihruBtin 
yQ^ against the catch, raises it out of the leeth of.ihe.^ea 
^dtots the weight W descend. But lest it descend too hBfk^ 
«nPO: is to be raised hizher, by pulliog at the straq^TS/ 
aaidatfessea.the end ON of the lever^ and .drawadows 
!ce NM, together with the ring KLM, whioh ring benog 
close against the wheel G, stops the motion, or regulates it 
isure. 

,';;,' jlxAMPL? C. {Fig. 1. PL LXIIIO 

imme for dNatfiag %MUr, A the cog-wheel, ten feet dift^ 

;j£ its ajda, running in the frame FFFF, and on the £)0t 

a 4niiidle, three feet diameter. K its axis, fifteen or twett^ 

Summing in the stocks G, G. D, D two cranks of ifos 
tile sides of the asds, and two feet long. OP, Q& two 
(moving upon an axis in the frame SSSS* PD, RD:two 
il^iidod or iron, reaching from the beams to die cranks^ 
Me abont^R and P ; and turning round on the cranks D, Db* 
ro rods of iron, fixed to two chains that go over the ^anM 
i4md to two pistons that work in the pomps x^y. £the tffier 
Mb the horses are yoked ; 1 2 3 4 the path in, whieblhii 
(^< round. H, H, ue surfiuie of the; earui. The wheel -Ai 
undle € are in a pit; the axis K mider ground jp andtbi 
iJE)L*D, areina pit : .j. . - > mi; 

f n. the horses, walking in the ring 1 91 3 4, dr^wf dbout «tbi 
heel, by the tiller £ ; this turns the trundle C, with^^Hie 
( D, D ; and the rod PD being drawn down, pulls down 
d of the beam P ; and raises the other end O, with the rod 
ad- draws the water out of the pump a:i> Im the meaotitee, 
iK^-crank raises the rod DR, with me end Ri taC thebcaas] 
»j0ther end Q, with the rod I deseends^and-^tfaeifs^agaBi 
JBbto the pump y. But as the whtel - A'gdes abou^ theiKfi 
t' palled down, and QI rises up, and ^rawaiwafier oat o£ iii 
Ljr, whilst OI and the piston desk^nds iBkt^^iMi pmnpmii 
Whilst one piston goes up^the other goes |do«ii^-«nd>wBi| 
&j/k one pump discharging water. * ;>>/rt ^-^iini? k> :*.09iq 
taad of two cranks, one ma^ have teeeiOxiioiatfifanniD^ aii 
dataacesTOOBd the axis^ and theiQ^wilKlba0KlbrctltMAi<& 
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beams QR, nnd work three or four pumps. But beams of ttnber 
should l)e put hetueen erery two working beains, OPy'Q|l,ior 
the axles to ruu in. 

KxampleCI. (i'/g. 1 . P/. LXIV.) 

AFAj a twixtinf! mUl to ntake thread or worsted. B a cog>-wfaeel 
3 feet diameter/ of 33 or 34 teeth. C the drum of 4, 6, or 6 
rounds, going on the square end of the axis of the cog-whed. 
D a spur-wheel, 2 feet diameter, and 30 or 32 teeth ; this is filed 
to the reel V.. The reel consists of 4 long pieces of wood, 6 or 7 
feet long, 3 of which are fixed in the cog-wheel D, and are abo 
fixed to one another by cross bars goin^ through the axis of Ae 
reel ; the fourth long piece of wood, which composes the reelyii 
not fixed in the cog-wheel, but may be set nearer or farther fitn 
the axis, by help of the pins 1, l^l. Fa drum of 12 roundi, 
carried by the cog-wheel B ; thei»e rounds are fixed into the band 
G, of 1 foot and 6 or 8 inches diameter. MNOP a fixed fnune 6 
or 7 feet long, and 4 feet broad. 22, 22, &e. are whorles, carried 
round by the leathern belt IKLIH. Tliese whorles run in iron 
sockets at the bottom of the frame, and are kept in their placet bj 
the snecks 3, 3, fixed to the upper side of the bottom part of tte 
frame ; u]x>n the spindles of these whorles are put the bobbings, 
with the thread or worsted. The spindle and whorle is repr^ 
sentcd at a, the bobbing at b, the bobbing with the worsted on it 
at r. The length of the whorle and spindle is 10 or 11 inches, 
length of the bobbing 6 or 7 inches; diameter of the whorle where 
the belt runs about an inch ; diameter of the bobbing at top 1} 
inch, at the smallest part i of an inch ; these are for worsted. 
Tlie wliorles may be taken out of the snecks at pleasure, and they 
arc kept in these snecks by a feather put across the slit throngli 
two holes. Ttie bobbings they use for thread are represented at 
ff ; € is a ])iece of lead which goes upon the top of the spindle to 
keep down tlie bobbing ; f\ g are two wires fixed in it, for the 
thread to run through, from the bobbing to the reel, the diameter 
of the wliorle about half an inch. The number of snedcs, spin- 
dles, and bobbings on one side of the engine is 20 or 24, that is 
40 or 50 in all. 4, 4, &c. are wires in the upper part of the 
frame, for the thread to run through from the bobbings ; the num- 
ber of wii-es are equal to the number of spindles. Also, in the 
horizontal beam QH are the same number of wires, 5, 5, 5, &c» io 
direct the iliread to the reel. «, n are rollers for the edge of the 
belt to move over. 6, 6 are two hanks upon the reel. When the 
belt grows slack by stretching, the frame MN is drove back, by 
means of a wedge S, and so kept at a greater distance from the 
roller G. 

The trundle C may be taken off, and others of more or fewer 
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\i fvut -on, ta adcasion leqairet, by lifting tbe: end.l^ of ikn^ 
«9lMla(>tb«<keel» out of its aodbet; and the fioer the Hueadi Ihb 
fewer.nings it must have. The circumference of the reel D£ fo 
worsted is 4 feet, 4 inches ; for thread is 5 feet, 5 inches. 

When the thread or worsted is wound upon the bobbings, by 
te^belp t)f i, wbedi, they are put upon the spindles, as Cy and 
diCB put- within the belt IKL under the snecks 2, 2 ; then the 
ttili4iB A being turned, carries the cog-wheel B about, whidi 
Aii9e» the drum F, and the barrel 6 ; the barrel G moves tlbe 
Mt in direction IKL about the frame JVIN, which resting on die 
mko^m 2, 2, moves them, and the whorles and bobbing, y&j 
tmnftly-about In the mean time, the drum C is turned rounil by 
the Mosof the co^whed B, and C carries about the spur-wheel 
J^ end the reel, with a slow motion. So the threads being put 
Ifanrngh the wires 4,5, and fixed to the reel, these threads v?Ul be 
Ivi^iped about the reel, and make the hanks 6, 6, as many as there 
$ir$. bobbings. When the hanks are of sufficient bigness, they 
BHst be-taken off the reel, which is done by pulling out the pins 
i^l, and then one side of the reel will iaU in, and the hanks 
tbMkedy and may be taken off one after another, by lifting the end 

V of the axis out of its socket 

. • 'Hie double yam, &g. is to be wound tapering on the bobbings^ 
as «t c» making it broadest at the low end, otherwise it vrill not 
come freely off the bobbings, vrithout breaking. 
- -The frame work consists c^ perpendicular beams, fixed in others, 
Ifjfing horizontal, as described in the figure, the breadth firom A. to 

V bung 9 or 10 feet The lower part of the frame MN oonsistt 
of two dliptical pieces, cut out of boards, and set at about a hand's 
breadth distance one above the other, with pieces of wood be- 
tween. In the lower (which is broader than the other) are Uie 
flodkets, in vdiich the bottom part of the spindle of the whorles 
moffe : in the upper, the snecks are fixed. The part OF, in whidi 
ate ibe wires, is an elliptical piece like the imder ones, and fixed 
tlwreto by 4 perpendicular pieces or pillars of wood. All the' t»Bt 
-will be plain from the figure. 

Example CH. {Fig. 1. FL LXVII.) 

-- AEKF i$ a dock. The different forms and constructions of 
jfedcs axe almost as various as tiie faces of those that make thent 
The following is a common 8 days' clock. KF. is the moving 
part ; A£ the striking part. 

'. The ^ork contained between 2 brass plates is as follows : f 
die Jint or great voheel of 96 teeth; G the sectmd'wkeel of. 60 
tee^ its pinion g of 8 leaves ; H the thM vAobI of 56 teetf?^ itfi 
pinion A of 8 leaves ; I the balance wheel of 30 teeth, its piniQ9 < 
of 7 leaves ; and K the balance. Likewise, A. \he great twh^ of 



7 A teeth ; D the mn wheel of 48 teeth, fr its pinion <^^ ^^T^ hi- -T 
the honp wheel of 48 teeth, c its pinion of 6 leaves ;' D'tf^ewpipK! ^ 
wheel of 4R teeth, and c its pinion d of 6 leaves ; XJ ihejftf^jf,^, ^ 
pinion of 6 leaves. ... .\y. '^ 

llie ends K, ](, of the arbort of the wheels A, F oome tkrauly , 
the face of the clock, and these arbors are fixed in the IfamibTff,- \ 
P, of f) or 7 incites circumference ; and on these barrels tb^,tbeini.^ -^ 
ttrtJifis Tt are vrouiid, which g^ round two puliiet with the .w^^^i]!!? :< 
that carry the wheels alH)ut. These two barrels are imoveatie' 
round about within the wheels, but are kept fVom tumipg bai(]^t|[^. 
the catch S and its xftrin^, and the racket ulueU Q. fixed isi'^ 
barrel. Tlie weights are wound up by help of the winch qx han- 
dle 11. In the rim of the wheel B are 8 /mis, whicb| as/^c ■ 
wheel goes round, thrust buck the end 5 of the hammer 0» m^-, 
when it ^oes otf the pin, the sj)ring 7 makes the hammer Q' strife 
against the brU N. . - :■. .»• 

The wheel V has a htwp upon its rim, which is cu( awi^ in pw^- 
place, to let the end 2 of the detent fall in. In the rim. C>C$^ 
wheel L), there is a pin which stops against the end jr of ^e'^ion. 
u'i', and hinders the wheels turning about. . I 

On the axis op are fixed the tvio pieces vs, and the detent. 1 It 
On the axis qr is fixed two piecen wx and the lifltr 3; and ^ 
the end r of that axis, which comes through the rore pl^^ is pot 
the lifter 10, {Fif;. 1. PI. LXVI.) and pinned fast on. 

The arktr of the wlieel G comes through the J'ace ; upon tbiB 
aibor, between the face and^bre plate, is put the wheel g (Fig.X 
PL LXVI.) of 20 teeth, its arbor being noUow, and imder the . 
wheel is put the brass spring /, with the concave side upfrairdf , 
this spring having a square hole in it, to fit the shoulder pf the 
arbor of G, (Fig. 1 . PL LX VII.) The wheel Z {Fig. 1. PL LXVI.).: 
of 40 teeth turns upon a fixed pin or axis, and is driveu l)y j[||e, , 
wheel ;:. The dial wheel y of 48 teeth, is put with its botk^^ 
socket upon the arbor or socket of z; then the face beings put on,... 
their ends comes through it, and the hour htind k is put upcm th^.l. 
square end of./', and the miniae pointer W, {Fig, 1. PL tXjytJ,),' 
upon the end r, {Fig. 1. PI LaV^I.) the wheel z being taruft,-! 
down to bend the spring, and then a pin put in to keep it theie.;^^ 
tlie pinion of Z, called the pinion of report, has 8 teeth, and dri^"^" 
the wheel ./* and the hour hand. Now, the spring /keieps,.^,^ 
wheel z pretty tight upon the axis of G, so tnat G will c^ny it'^ 
about a1f)ng with it. And if the minute pointer be thrust ab^uV * 
it will force about the wheel 2r, and also Z,and likewise^ with t^"j 
hotn- pednter. ^ •« 

The arbor of fte wheel A {Fig. 1. PL LXVII.) goes thiwyg^ 
the backphde ; upon it, behind the plate, is put the whepjjlf^ 
{Fig. 1. JR. LXVl.) or pinion of report, of 28 teeth, and piniiea' ' 
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tl|ei«. The Jpuble wheel XY is carried by V, uid turns i^on s 
[M. i£^ 'i>^ Uie back of the plate. The whQelX:ba»alMr38> 
tttHL't^if tbe tovni what Y is divided into ii jMitt of jodc^mI'- 
lM||aa,'--UGCOi'dIiig to the itroltes the clock b to Mrike at «mfi< 
rt of tbiB wheel is repreaented at ^ (f^. 1. P£ 1^3^.) 
■'ipAiig u put oD with this nhflcl to Veep it uekL Jfai*^: 
«'M made more simple, bj leavii^out tuo wheeU V;>X^: 
ff(^ Y upon the axis of A instep of V; but it miitW 
pBtw'fbe ooTttraty nay. 

^^' aHSor of the balance wheel I (F^. 1. PL UiVU.] ooum 
llX^ngb flie fbie plate, almost to the lace; and throi^h a holeia 
^'bce U put the hollow socket of the itcaiid poiattr 12 ; and 
tfi^'iho^s the seconds by a small circle dinded into ao pula. 
Ji^A tl^^ 6ce is . also dinded into two circles, showiDg Lotus and 

'*nl! peiiduluni' hangs on the fixed piece of brass M,b]ralHi^ 
lot! at top, and a thin piece of bras:^ Koinr into a slit at M, mi 
af^;;^iece of brass goes into the fork L, so that if the pKk- 
dSfaul moves, it must more the cod KT^ and balance K (uona 
wffiU'" ' ■ . ™.« 

J\ie pnllali H, 9 of the balance K, are SO formed, that the uudar 
side t^ 8, and upper side of 9, where the teetb of tlie wheel L 
acij are pt^isbed pUoes, and made sloping, so that a tooth alid- 
in^ildng Gu: under side of ibe pallat 8, will force Ihie balaoM K 
to the leDhandj and a looth sliding along thS.upperaideof the 
p^ht 9j will (brce it to the rifhL 

The iToik is put tcMther, by setting the teeth together that art ; 
m!{H:ed in the wheel fi and in the pmion c, and Ucewiae ki.^ 
wttSel ;C ao<] pinion i. Then the minute pointer is put oft Ih* 
arbi}t,of 2, mark to maA; and the hour pomter the lame wbj QB- ' 
tht Jatbor of/. And the wheels t, Z, / are set to one another^ 
BctOrding to their marks. 

The weights hanging upon the wheels A, F, and tha peodaliun. - 
mi^ lo vibrate, the wheel F drives G, which driv«t Q, which. - 
drities I ; (hen. whilst the pendulum vibcates to the rif^t, « tegtk.j 
slips dIT the pallat 9, and in its return to the lefi, a toodi s^ts ^^ 
the fallal 8, then on the right another goes off 9, audio ocfltBt-'. 
oate^j and the neigbt causing the teeUi to act against die mlliMi,--: 
of Ae tialince, keeps the pendulum in motioa; and iba iwel I.:, 
goes round io a mioute. _. . .,-i- 

'A» the wheel G goes round, it carrie* ahml t, widi the miiit)!*- , 
pofnier oQce round in an hour; z drives Z, whidi drina/ ana .i 
rofiad in Xl hours. Whilst the wheel s goes nnind..lbB jM>«r,n 
laifes the lifter 10, whidi lifts up the piece 3, aBd,the,wm*nf; 
A^t^^ 3 rsis^ the detent 12, togeihei witlt u; ^'-a^a-.tif,.-^ 
tk^ detent bong railed tdu*e the twop^lhe wherf^hnyvtl^ai^' 
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and by the oblique figure the end of the detent 2;itTa!Ss^'th^W 
of the detent hi^rhcr, and also raises s out of this' ndtch^ of'tbe 
count wheel. Then the wheel D turns round, till the pin in the 
rim stops at the end x, which hinders the motion. But ai the 
wheel z goes furtlier about, the lifter 10 &lls down off the pio, 
together with the piece wx, and latch 3, which, suffers the wned 
I) and the rest to turn round ; and the pin-wheel causes the hain- 
iner to strike so often, till the end s falls into a notch of the count 
wheel, and then the detent 2 falls into the vacancy in the hoop, 
and locks the work ; which continues so till the next hour, that 
the piece 10 is raised again, and then she strikes as before; the 
wheel C goes round every stroke of the clock ; but she strikes 1 
more every succeeding hour, because the teeth between the ndtches 
are made longer and longer in the count wheel ; and it tuns 
round once in 12 hours. 

General rules in all clocks. 

In the striking part, the pin wheel being divided by the piniMD 
of the hoop wheel, the quotient shews the number of pins in the 
pin wheel. 

If 78 be divided by the number of pins, the quotient shews the 
revolutions that the pin wheel makes for one revolution of the 
rount wheel. 

The hoop wheel, divided by the pinion of the warning wheel, 
must be a whole number. 

In the moving part, the train is the number of beats the dock 
niukos in an hour ; which is 3600, if she beats seconds : in this 
case, the balance wheel must have 30 teeth. 

If O turns round once in an hour and shews minutes, then 
tiio quotient of G divided by the pinion of H, multiplied hf. the 
quotient uf f I divided by the pinion of I, and that multiplied by 
twice tlie teeth in I, must be equal to the train. And if soe beats 
seconds, tlien the product of the two quotients must be 60. , 

Uy also, G shows the hours, then the quotient of y divided }^ 
the pinion of Z, multiplied by the quotient of Z divided by f, 
must be 12. 

From the great wheel to the balance, the wheels diive) thie 
pinions ; but to the dial wheel, the pinions drive the wbe^;^ the 
former quickens, the latter lessens the motion. . .^ 

Any wheel being divided by the pinion that works in it, shoNirs 
how many turns that pinion hath to one turn of the wheel. As. if 
the pinion be 5 and tlie wheel 60, it is set down thusj 

m 

5 ) 60 ( 1 2 times. Or thus _^ ^^2 times. 
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...TWflt^i^Air^f savei^ wheels and piuioos, that work in one ano> 
tfii^r^atp s^ down thus, 

„u,. • ■: 4) 36 (9 time» , , . ^ ,. . 

*^'^ .'r 6)86(10 times ., .,- 

'*^'-' ' 6)54(9<imes ?- 

■••'' '. 5)40(Ttimes ■ ' 

«' ■ lArUnB X X X . 

4. 8 6 5 

IiVtlie finriDer way, the number on the left hand of any wheel 
18 the pinion that it drives ; and the number over it is the pinion 
on the same axis. In the latter way the several fractional quan- 
tities represent the quotient. 

Any wheel and the pinion it drives, will have the same motion 
with another wheel and pinion, when their quotients are equal. 
Thus, a wheel of 36 drives a pinion of 4, all the same as a 
^lieel of 45 does a pinion of 5 ; or a wheel of 90 a pinion 

«f la 

In any motion you ms^' use one wheel and one pinion, or ebe 
severed wheels ai^d several pinions, provided they all give the 
seme ittotion. Therefore, when a number is too big to be cot in 
ooe wheel, you may divide it into two or more quotients. 

In a whed and pinion that work in one another, their diameters 
innst be as the number of teeth in each. And the diameter must 
be meesmed, not to the extremity, but to the middle of the tooth, 
or where &ey act. 

The excellency of dock-work consists in forming the teeth 
truly, and to fit the notdies exactly without shakings and to play 
fMLy ; the teeth must be cut into the form of <^doid8, wmch 
i rea em fei e s the shape of a bay leaf. 

A dodc goes exacter as the pendulum is longer, and the bob 
pretty beayy, and to make but small vibratkms ; and for more 
'exnctnes^ to ]day between two cycloidal chedu ; and the longer 
the arms K8, K9, the easier the clock goes. The length of a 
second pendulum is 39^ inches. See the theory of pendidams 
In Prop. XL., XU., LVUl. 

'" The paHats 8, .9, are here formed after the cominon way: 
but. there is another veay of forming them. Prom t)tt centre 
61 teotibn B, (f%. 1. PL LXVU.) describe two amall irdto afi, 
mnA 5*.' These small lines or planes ojB, and Se, ftnd also the 
working side' of die tooth Xfc, must all range to jc the oentre of 
the balance wheel. And the ends of the paUats ay, and Sif, must 
range a little to the right hand of the centre 0. Then the teeth of 
the balance whed will fell alternately on the sides afi, and Sc, 
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III/ ■- 
And >ity loolh, whilst it acts hg^ixitl afl. nr ta, will hut n 

eifiyv 1^ tlw Mglc a or t; nud itna m BiOTi»|t aknif ilta (4iM 
«)i^iM ><«, t( foriMit lit* ptuulultw) to iltu rmht or icA. - , ^ 

Ott liut c<Hi>dtiir|ion will ta b*n<ii that ; laka trj «if «■ 
Mynl lu !, a). Fcom ihc ccoirc ^ dncribc th« ainhii tt, iff 
uU Ivt (bv end ovi tn. raiiM to «. l>r, p«rhiiin, it my knrM» 
tlw «iul lit wwll, to doicriDC «S, and H, l^uni ttx ati:lt* ti 
aad M tlic ucling lide oT (he tootti range (not to «, bul) to *''~' 
OuUide of Uui vitcl« duoribvd with tb« radius iiu = 1 1^ 

Tb« iocugvrnieoce of any it! Qtn-v cuiaUiH;lnfus «, ilatlkai 
wlUii arc too ihir.k, and con hardly find toom lo M • ■ -- 
oie tMlli of tlie Italaoo* wheuL 

R«««pi li cm. (Ffe. 1. Pf. LWIIL) 
ADC is 1 culling engine to cut Ihc laclh of clock mbnk. i. AD 
an itou pkt> 2J het Ions, and 3 oi * inr^liei broad. 'M^ 
another plaie fixed 4 or 5 inches lower. G a r&rfer, flijiDg als<St 
a groove inllieendC: Ihia is msul« of serenU jilatas ofil^ 
fixed to one aaoiher with icrewi, and fitting dosE^y to this •dMI 
of the plate, and to the sidei of the giooie, and liliev-iM-tatW 
upper ited under side of the plate; this is to ouitie il -lu MMft 
tnily along the groove when forced forwud ot Wliw«Bl,>'tB 
the tcrev at 1 and its handle ; fcir this snewi tlirnnah-LC; KM 
tninE round m a collar in tlie end G. The rnd uf this iIMll 
turn) lip perpendicular: to this in fixed the port V by R'piD A 
which goei iquaie into Ihig part, *jid throoga n rouod KilfiLii 
Si 50 lliat the part F oan lum about Ibe screw piu S^ tgt 
be fiked by tumiHg the not 2 with the key 9, (JUg. l,i|j^ 
X ) wbi^b nut screws upon the end of ibe pin. 4 

' a hnsi wheel of 96 teeth, tarrying the piaian U a{ « 
; lliess iBove between tlie cheeks LL, itiU; wJiisb'H 
jollied by ^e crofis bars N and I' j these cheeks aad ifaeii DM 
^bery tvrn round en the axi» ijl, in the purt :F. I'fia'Jjk 
c%tling-<*neel, whose edge is nothing but a tile to cut Ilia Mdl 
W It goes about; Ibis goes upon the arbor of the [Ubloii. 
"niere itv _». greal number of tliese cutting wheela, M f— 
atapc DUd bigoesa, which tnay be taken ofT the arbor, ai ' 
pot oa; Ibese pkrla are desiHTbe') at a,b,c,d ; {Fig. 1. P. 
otne pinion on its arbor, h the cutting wheel going upoii. the u, 
f^ich is otlagonsi, and liia it exactly, having the aides maricfid^ 
are put to eat;h other, r a hollow piece which ^oes on Ifae 
alls: and the nut d screws on .the end of the arbor, ito lu 
and llm wheel b fa^t on. The ends of the arbor ai« bai 
atuil, and pointed i aod this acbot runs between the \ 
\. ntuch chcaks ttere pies 3 Krews^ with h 



^ 
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! fffw ..• •" .«•■ '* -^ ■• ■ . • i-'- 

tmiTMA-^ iie rtrter; HbJ- thOe tertf#t CA MtW^* 
(wiiMl^iiyr wn^iu^ titen ib <^ o*it by Ihdipors k€;y'^' 
■ aqoiM' it|KM tlie «iid, tnd then llie so^eiiws art Idisad' 
pm nUIrO, O. rt {Fig. t. Pf. LXVIII ) is a tpHdg, fiSed 
»iit>4o the'Ttiider-nde of tin; Gros&^Mir N, and the oMr- 
fter n^iaii the plate AX, and this spring raises Qi« ^pk^ 
rmMthenotdriscnt. ia is a screw pin gtiing tlnoog^ tfie 
iUBfmlA M rests upon tiie plate AX, and hinders the mhMi 
tsoiMdiitg icywer. i, i, are two screw pins, whidi M i iW 
'litf, by help of the kev q, {Fig. 1. PL LXIX.) and go 
ir-^ts into F, {Fig, 1. PL LXVIII.) whicb has tmf 
» receive them ; these pins are locked to L, M, by tahnil|^ 
nnts, which also screw upon the pins. These screw pins, 
d cheeks, all turn round together in the holes in F. 
Bi'iftsiiif>^ pUUe^ being a brass cirbular plate 15 or 16 
M i Mfcte r. Ibis plate is fixed to a hoUow brass axlv Q,' 
r'itt- diameter; and this axle goes through the two piates 
*; and: both the wheel and its axle turn about togra&tf ; 
^lale cannot be seen, (but is represented at R; Fig, 1, 
WL-) Near the edge of this plate, there are 24 concefitiie 
imidi divided by points into a certain number of eqjaii 
bt S66, 365, 360, 118, 100, 96, 92, 90, 88,84,80, 78, f6, 
%64, 62, 60, 58, 56, 54, 52, 48. The use of thete is fo 
Involution into any number of eqna> parts, according to 
flfemit circles. - 

ff! 1. PL LXIX.) is an arbor going through the hollow aile' 
^* 1. PL LXVin.) with the shoulder A agrsdnst the tcm of 
i;/theu the nut n is screwed upon the end t, to keep HmT 

wheel to be cut into teeth ; there is a hole made in l^e' 
\tUt ID fit the part ge, which being put on, and die piedfe / 
{ Ifaey ate then screwed hard down with the not k ' *** 
4M e. Then if the wheel H be turned round, ft 
ridi itthe wheel m. There are several arbors ei, fer 
^'^heels SI 

[gig.. 1. PL LXVIII.) is a moveable index; it'tnrrif: 
■ail, as a centre in the end w, there being a &Gl hs ft^-'tt 
isCtom of die screw x pass through as it moves, y is mo^' 
Bl and forward, and may be fixed any way by die t#b 
" r is a steel point, which moves along ihb circomfeieBQe 
iltle you require, from one point to anothcfr. T i§ fiie vnndi ' 
Ae wheel B ; S is the hanale to pull down die madd^enr 
^-f^ate. '• 

tier this machine. An arbor ei proper ibr the ' wHed si^ 

h t» be cut, bemg put through fte axs^'i^ MedK 

tfap^earsatR; and then Ae'wiMRrt iii «Kf OiT^^ i^ 

above Q, and screwed fast Loosen die screw s; and, 

die index wy till the steel point « fidl in die cifde. 
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i.iMit.auiiig the buinc nuinlxir of parts, tbe wheel m is to be divided 
iiitu, tliere screw it fast with the screw x. Then putting on the 
I'uitiiig; wheel 7'pn)|)er for the work, turn the handle and screw 
1, aiul drive the machinery with the wheel f towards Q, till 
the chI^c of ,/'hc Just over tlie edge of the wheel ta to be cut; 
tiicre lix it by the hiindle \' ; and turn the wheel ii till i &lls 
into som<: point i>f tlu; circle ; then take hold of tbe handle S, 
und pull it down, till^/' falls against tlie edge of m; then holding 
ii thi-rt' with one hand, turn the winch T with the other; whi(£ 
ciiirics about Ii, and this drives D with the cutter /^ and this 
motion cuts a notch in the edge of m, and when it is deep 
i'noii<rh, till' pin iu ( properly set) stops at the plate AC, and hin- 
(Ilts it from going further. 'Dien let go S, and the spring n 
i.iist.'^ up the wheels, &c. lliis done, pull about the wheel H, 
till : full in the next point of division; tlien draw down S, and 
turn the machine as before, till you have made another cut 
(le«.]) enuu<xh. And thus you must proceed, till s has gone through 
all the points of division in the circle, and then your wheel is cut 
mln its ])roper number of teeth. 

When the number of teeth wanted to be cut answers to nose 
of the circles, take such a circle as can be divided by your nam- 
ber, and if the quotient be 2, 3, 4, &c. then you must set 
^ tu ever)' r2d, 3d, 4th point, &c. skipping the rest. As if 
you want 21 teeUi, take tlie circle 84, which divided by 21 gives 
4 ; so that you must set ;; to every 4th tooth only, and so 
cut it. 

A crown wheel may be cut the same way ; but then the cen- 
tre uf the wheel f must be brought over tlie edge of the wheel 
to l>e cut, and there fixed. Also oblique teeth may be cut in 
a wheel ai\cr the same manner; but you must first ease the 
screw K, and then turu the cutting frame about K as an asis, 
till the cutter /' have a proper degree of obliquity, and there 
screw fast the pin K, by the nut 2, and proceed as before. 

After the teeth are cut with this engine, they are still to be 
wrought into their proper form, with tiles suitable for &e busi- 
ness ; and this the workman must do by hand. 

Example CIV^ (F^. 1. P/. LXIX.) 

Ell is a glazier's vice, for drawing window lead. PG, QH 
two axles, running in the frame KL, ML. C, D two wheels 
of iron casc-liardnned, IJ incli broad, and of the thickness of 
a pane of glass ; tliese wheels are fixed to the axles, and run 
very near one another, not being above j\ of an inch distant; 
across their edges are several nicks cut, the better to draw the lead 
through. E, F, two pinions, of 12 leaves each, turning one ano- 
tlier, and going upon the ends of the axles, which are square, 
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nd kept fast there by die nuts P, Q, which wne scr^VMd ihit 
B - with a key. A, B two cheeks of iron, case-hardened^ aiad 
xed on each side to the frame with screws ; these are cut wMi 
Q opening where the two wheels meet, and set so near 'the 
'heels, as to leave a space equal to the thickness of the lead; 
J diat between the wheels and the cheeks there is left ft hole^ 
F the form represented at N, which is the shape of ti»e lead 
iien cut through. The frame KLML is held tof^ether by croft 
m going through the sides, and screwed on : and a cover is 
at over the machine to keep out dust; and it is screwed fast 
own to a bench, by screw nails LL. 

When it is used, the lead to be drawn is first cast in moQidSy 
ito pieces a foot long, with a gutter on each side. Take one 
r thaw pieces, and sharpen one end a little with a knife, and 
oft it into the hole between the wheels ; then turning the haii» 
Le I, the lead will be drawn through, of the form designed. 

Example CV. {Fig. 1. PL LXX.) 

AC a water-mill for grinding com, without either trundle or 
i|[p>^vlie^. BC is the arbor, or axis of the mill ; this is a cy- 
adrical jxece of wood, about two feet diameter ; 6HIKLMN 

a leaf or wing of wood, whose breadth is about the radius 
' the arbor ; this runs spiral-wise round the arbor from bottom 

top, ascending in an angle of about 35 degrees; it most 
'ery where stand upright on the surfEice of the arbor. Instead 
' one you may use two of these spiral leaves, especially if they 
t narrow. This arbor and its spiral leaf, turns round upon a 
vot P at the bottom; and at the top B, it has a spindle, 
bich goes through a plank, and is fixed to the upper miU->stone 
, which turns round with it ; so that the arbor has little or 
» friction. QRST is a hollow cylinder, made of stone or bricky 

enclose the arbor and its leaf; and whose inside is walled 

near as possible, just to suffer the leaf to turn round with- 
it tondiing ; so that no water can escape between the leaf and 
B wall ; and, consequently, it can only run down the decVvity 

the leaf; its top is represented by the circle QBTV. HWS 
an arch to let the water out at the bottom, to run away; 
d big enough to go through to repair the engine. F is the 
mgh that brings the water ; D, £ the two mill-stones. A the 
ipper and shoe. The arbor and its leaf may be cat altogether 
1 of the solid trunk of a tree ; or else the leaf may be made 
pieces of boards, nailed to several supporters of wood, winch 
e to be let every where into holes made in the body of the 
bor, so as they may stand perpendicular to its ^tnface; and 

set in a spiral. And the spiral is made on ^his coniodttar 
n ; that for every 10 inches in the ciccnmfeietee of - the^ ttdi. 
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vou must rise 7 inches in length. Bui ai.the top Of it will 
fie hetter to rise fiister, so as to have its surface akvio$t pei- 
penclicular to the stream. 

When the mill is to go, the corn is put into tjhe hopfi^r at 
.A, whicli runs down ihe shoe, through tne niiM-«tooe-. D^ And 
the f^pout F beinfi; o])eiied, tl)e water (alls upon the obliqcie. leaf 
CHI IK, and by its force turns the axis BU aboutj aud witb it 
the stone 1), and grinds tlie corn. 

Example CVI. (P^. 1. PL LXXI.) 

DBF is the arch of a bridge, which shall sustain itself a&d 
hU tlie parts of it, in equilibrio. Such an arch will be stranger 
than any other, because an arch that can sustain itael(. will 
more easily sustain an additional weight, than an arch tbal.can- 
not sustain itself, but only by the cohesion of the mortar. ;>nus 
arch DBF is a semicircle, whose centre is R, and vertex B ; 
and the wuU ATta must be so built, that the height ^/IT, in 
any place A, must be as the cube of ^ secant of the hii&k BA, 
whicti will cause it to ruu upwards towards D, in Oba Ham of 
the carve fST. But as this form is XM>t connnodioii^.:!!^ a 
bridge, the construction may be performed thus. In- any^l place 
of the arch, as A, let the superincumbent part AT boi jtmilt of 
heavier materials than at B, in proportion of the cutis pfi.tbe 
secant of the arch BA, for the parts near B, but in :tQpieithiDg 
less proportion in the parts towards A and D. And tljii&.'right 
line Gl^ being drawn, will nearly terminate the top .-of the 
wall. But as materials cannot well be procured for^thia pur- 
pose, the following way may be used. 

With the radius BH, {Pig. 2. PL LXXI.) describe Ae.sich 
DBdy of 90 degrees; I)B, Bd being each 45. And if -Bll -con- 
sists of too parts, make BS, 16. Draw the right line G^, 
perpendicular to SBR ; and the arch DBd shall si^fmprt the 
wall DGg£^ in equilibrio in all its parts. If the arche^ .DB and 
B^ be made each 60 degrees, and the height BS 7 jpaits^ and 
the right line Gf^g drawn, then the arch DBrf will equallj sup- 
port the wall DGgd in all parts : but then the mate^als maae 
use of about the places rr, a, ought to be only aboijit half the 
weight of those at B and D. And these are the; principal 
cases in which a circle is serviceable, for making an hrch stand 
ill equilibrio. t 

Another emiilibrial arch is from the catenary. Make the 
lotus rectum BS, (F^. 3. P/. LXXI.) 100 equal parts; BR, 
AR, RF each 159; descnbe the catenary ABF, through the 
points A, B, and F. ITien ABF will be an arch which 
will support the wall AGgf in equilibrio, in every point of it. 
Tlve fault iof this arch is, that by reason of the height BS, there 
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'toU Aludj Vvc^bt of trail upon it, wbkh vrttt^en^ogervlhe 
duiig'Tl)« ^en^ except the nondaliaD ba tctj fcxNts'jtfidi-lt 
Lewise raise* ihe bridge loo higt. ,. . :.iiij-".'i 

JMoib^r STct) of equilibration is Ais; mako SB, WH/IAR 
^. 4^Pl. LXXI.) of any ItBgtlw at pleasute ; draw tbfr Tl^t 
^e^-CB'paraUel to Ibe horizoo; and to ihf aas^ntote GS), dmv 
j^l^KnthinFC curve AB : which may be done thua;-dn*iAiG 

nndicnlario GS; divide SG into any namhet of eqaniftalB; 
u many poinls of divisioa aa you have, find so many 
eao proportionals between SB and GA ; set diese from die 
spMtfre poinU in SG downwards, in IIdci drawn ifaiough 
Jibe poinls parallel to SR ; and these will give *o nuoy paints, 
froBgb trbieh the curve BA ie lo be drawn ; and the aaive HB 
Jin^m the rame way: between these, the pier BD if placed 
^'k'tow«r upon it. Tie only bull this arch baa, is, laaLtbe 
'altf^way is dnaiDinhed by the pier BD ; and as many arobat, 
>Einu^«apemun)eTary piers there wiU be. - ■- - 

% dtall DOW tbew how to describe an arch cteat of all these 
IMWaniew^es. Make BR, AB, KF, (fig. S. PL LXXf.> CMh 
iW to 30 fnt; BS, 3} feet. Draw AG, ¥g parallel to.9S. 
WiAtt SO, S^ into 30 equal paila, or 30 feet; ihroi^ all t|ie 
btmt of diviRion,d[aw lines paiallsl to SR., a*TC. Tbeoitqton 
ttt of these lises, let off &om SG dowQwaid*- the- nwnbe^iof 
tit 7011 lind in the following table, respectively, as TCj-tben 
>iinll be io the arch. Do the same lor the side Sg. UMB.tfae 
nl^e FBCA, drawn through all these points C, wiU be th««^ 

3ali«d. The curve is easily drawn through these - poinbV-.'>y 
p of a bow held to every diree points; or latfaer M £m Ci 
»e^)>oitit8at oncai which may easify be dooe by two or three 
e»Mis holding it. 



fine 
An. 


f«t Ull .iH. 


vt- v...»,c. 


Value of 


WofrlP^ 


' 


3.500 
3J17 
3.56B 
3.633 
3.774 
3.931 1 


11 5.754 

12 6.231 

13 6.769 

14 7.372 

15 8,047 ; 


21 . 

a?.. 

S3 

24 ■ 

25 


leieoT 

20,.58S 


.6 


4.1S7 
4-362 
4.G39 
4.961 
S.33S 


16 
IT 
18 
19 
90 


B.799 1 

9G3S 
10.567 
11.600 , 
12.745 


25 ' 

2r 


aa.6B2 1 

, 24,999 ' 


-9 

10 


■30 


"gi ' 
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It' the thiclcnefts of an Arch at top, BS, be supposed to be 3 feet, 
4 fept, 5 fetit, &c. it will require a difTerent carve to be constructed : 
hut this seems to Im> strong enough for the bigness of the afch, 
espcK'ially if built of strong sound stone. Here 3^ feet is assigned 
for tho thickness of the arch ; but it must be made 2 or 8 ifM!hes 
less, cm account of the pxirapet wall, for this adds weight to the 
whole. Also, if the top OS is not exactly horizontal, but is 2 or 
3 feet lower at (t than at $, the thickness BS onght to be 2 or 
3 inches loss upon that aitount ; or if higher at G, two or three 
inches more : out those niceties make no sensible difieitoce in 
practice. 

Tliis curve differs from the catenary (in fig, 3.) For at the 
vortex B it is less curve than the catenary ; and towards A it 
is more curve. Tlie curvature at B in this arch is TtPf near flifct 
of a circle whose radius is BH. And the carvature ifattectse^ 
from the vertex B, and is at least about C. 

At tlic points A, F, where the arch springs, it ris^ at an 
jinglc of 73" : 1 ', above the horizon. 

If an arch is required to be either greater or less than this, it 
is no more than taking any other equal parts instead of feet ; and 
setting off all tlie lines by these equal parts. 

In this scheme, I have drawn a circle to shew the difierefice be- 
tween that and this arch. The like I have done in figures 3 and 4. 
Whence it appears, that a circle circumscribes all these ardies of 
equilibration; and, consequently, a circle is too curve at (he 
lower parts, or at the haunch of the arch. 

If any architects or builders of churches or bridges, shall please 
to make use of this curve here constructed (Jig, 5.) for the fonn 
of an arch, they will find it the strongest arch possible to be 
made for these given dimensions. And where many thoidSalid 
pounds are laid out in building a single bridge, it is certainly 
worth the pains to seek after the form of an arch, which shall tie 
the strongest possible, for supporting so great a weight. And it 
is very surprising that no body has attempted it. Instead of'tbat, 
uli people have contented themselves with constructing circular 
;irches ; not knowing that different pressures against the krdh, in 
different places, require different curvatures, which does Itot 
answer in a circle where the curvature is all alike. A circle,' it is 
true, is very easily described, and that may be one reason for 
making use of it : but, surely, the description of the curve here 
given, is very easy, by the foregoing table, and can create no diffi- 
culty at all. If there be any difficulty in the practice, it is only 
in cutting the stones of a true curvature, to fit the arch ex- 
actly in all places; but this is easily managed with a litde 
cure, by taking proper dimensions ; observing, that every joint 
must be perpendicular to the curve in that point. 
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A ciide^ or aay other oirve^ where the curvature is not pro- 
perly adapted to the weight sustained^ is ool capable of sustaior 
10^ so vast a. weighty but must, in time, give way, and fsjl to 
vamy except the nK)rtar happen to be so strong as to ke^ it 
feQifether. On the contrary, the arch here described, sustaining 
efei^ where a quantity of pressure propoKional to its strength, 
will never give way, so loi^ as the piers, which are its hlises^ 
stand, good ; but, by virtue of its figure, will stand firm and un- 
shaken, as long as the materials the arch is made of will last«. 

As to the piers, their thickness may be I, ?, or | the width of 
the areh, according to the firmness of the ground they are to 
stanfl on. They must be considerably broader than the bridge, 
reaching out ou each side into the water, being built with sharp 
edges to divide the stream. At the bottom, they must be well 
fienced with sterlings ibr their security. The outermost pier must 
be built hi backwards, to sustain the oblique pressure of the 
arch, which has nothing else to butt against ; otherwise the pier 
or buttress will yield to the pressure of the arch, and the arch 
wiU break* 

Another construction. 

In the former construction, I xoade the height BS to be only 
34 feet. But as that may be reckoned too weak for an arch of 
60 feet wide, bke Westminster bridge, where the height above the 
arches. is 8 or 10 feet; therefore I have here given a nev ts^le 
fiw contracting the arch of a strong bridge, calculated upon te 
same principles as the former, being 7 feet, all the other diqieo* 
sioQS remaining the same. This arch rises from the jpiet at an 
aagle of 70° 20'. Id the former, I set off all the points of the 
curve from the line SG ; in this, I set them off from the ILue BEE^ 
vi^kich is a tangent to the top of the arch at B. 
. The construction is thus. Having drawn the line £BH thcougk 
the top B of the arch parallel to the base AF, take firoQi the .tabl^ 
co{, 1, any length, and set it from B in the line 3£» as to X^^aofi 
%pfn K to I, and draw the line LI ; then, from Q/ol. %. ii .the 
t^b^s take the correspondent length of LC, and set it irom JL tp 
C, in the line LI ; then C is a point in the curve. An4 thvs all 
^ other points of the arch must be found ; and ^n ^ ^oTVie 
drawn regularly through them all, gives the ibnn of the ^rcht 
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no air can gut out, but what goes through the valrefl^ akKigthe 
|urtitioiii. 

\', \' art* thi.> vulvis or puffa which open into the wind dnt; 
and are all indostMl into it, and may be phftced in any part (tf 
it, as occasion rctiuires. One of these valves, with the sphng 
that >\\u\i it, and wire tliat opens it, is represented apait, on 
Uie left hand. 

(\ I), 1% F, &c. are the kei/s on which the fingers are laid, 
when tlie organ plays. Tliese keys lie over the horixuntal har 
of wuod W, in which are stuck as many wire pins ZfX^on 
whicli tlio keys are put ; and the keys move up and dovm upon 
this bar as a centre. 3 is another bar, against which the keyi 
fall wlien ])ut down; on this, also, are several wires, gning 
throu'^h the keys to guide them ; and on this bar a list is &st- 
en''d, to hiurier the knocking of the keys against it. 

Now, the keys an> made to communicate with the valves se* 
\ eval ways, as I si tail now describe, s, i, s, are the Acey rottsn, 
niovii)«; on the pivots /, t; tliese rollers lie horizontally one 
above another, and one at tlie end of another, of such a length, 
a> to rt-aeh from ilie valve to the key. a, a, a, arms or leven 
lived ti) the key rollers ; »>, w the valve wires fixed to the aims 
'/, (If and to the valves \, and going through the holes A, A, in 
the bottom of the wind cliest. b, 6, b arms fixed likewise to the 
key rollers, d, d^ d the key wires, fixed to the arms 6, b, and to 
the keys C, I), E. Now, putting down the end of any of Ae 
keys (\ 1), K, it pulls down the arm 6, by the wire ^ which 
turns the roller s about, with the arm a, which pulls down the 
wire w, which opens the valve, which is shut by the spring, as 
soon as tlie key is let go. In this construction, there must he 
a wo nil spring iiistened to the key, and to the bar W, on the 
furtlicr side, to keep the end 5 of the key down. 

Another method of opening the valves is this, jy, tty, are 
slender levers moveable upon the centres 1, 1. Ss^ &r, aie 
wires going from the far ends of the keys, to the ends 4r o€ the 
levers, y V, ^V, other wires reaching from the ends y of the 
levers, through the holes //, to the valves V. So that putting 
down tlie key C, D, &c. raises the end 5, which thrusts up the 
end .r of the lever, by the wire 5jc; this depresses the endy of 
the lever ; which pulls down the wire ^V, and opens the valve 

A third way of opening the valves is this. At the end of 
the key G is a lever 8, 9, moving upon the centre 7. This, 
witli tlie key, makes a compound lever. From the end 9, there 
is a wire goes to the valve. Now, putting down the end 6 of 
the key, raises the end 8, which depresses the end 9 of the lever 
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8;i9jf oad fmlls dowti the wire^ and opens the vaiTe. I have 
only drawn one of these in the scheme, and but a few of the 
otbetky to avoid confusion. 

BLf^R are the rollers to move the sliders, by help of the amis 
c^iq^-wUkh- are fixed horizontally in these rollers, ke, ke are 
fiveis also fixed in the rollers. U, le are the handles, which 
lie herizontally, and pass through the holes /, /, and are fastened 
Ictjtfie. lever ke, being moveable about a joint at e. 

'iHfoswj any handle fy being drawn out, pulls the end e towards 
4-« wjnGh turns Rk about, along with the arm cf; and the end 
^■pqUs out the slider fg. And when p is thrust in, the arm 
^l&ewise thrusts in the shder fg, 

-.'ilJlion all the several rows of holes which appear on the top of 
tbtiilipper board, are set upright so many rows of pipes: X is 
ft flute pipe of wood, Z a Jlute pipe of metal, Y a trumpet pipe 
of-jn^aL The pipes pass through holes made in boards, placed 
idbcHVto the upper board, to keep them from felling. 

.Xhe- pipes are made to communicate with the wind chest, after 
tfaisMnaimer. When any slider^ is drawn out, holes are bored 
tionigh the upper board, through the slider, and through the 
vemkai board, into the partition below : so that any pipes, placed 

Xn these holes, will then communicate with the partition; 
ch, by its valve, communicates with the wind chest. But 
wkeh the slider is thrust in, the holes in the slider do not 
ilaftd against the holes, in the upper and under boards; and 
the 4xmununication is stopped, so that no wind can get to the 

■^11^^ are the bellows, ^vhich must be two at least. ^, ^ the 
wtMgBpO, O the htmdles, moving upon the fixed axes fm, nn: 
Sash of these bellows consists of two boards; the under board 
is fixed immoveable. In this there is a valve r opening inwards^ 
anal a tube leading to it, called the conveyiitg tube. There is 
also a hole in this under board, from whidi a tube leads -le 
the' port^tent^ which is a square tube 24, rising upwards, aiid 
i»tilDSerttd into the under side of the wind chest at 2. And m 
the tube kotding to the port-vent, there is a valve which opens 
towards the portrvent ; which sufiers the air to go up the port- 
vtatf but none to return. All the bellows are constracted aflet 
the same manner. Now, the handle O being put doi^, raises 
the upper board T, and the air enters through the valve r; 
and when the handle is let go, the weight of the npper 1>oerd 
Tf (which carries 3 or 4 lb. to every square foot,) cObtisaally 
deseending, drives the air through the port^^^^ent to ^e sbund 
board. And as one pair of bellows, at leasty^s always descead-^ 
ing, sinoe; they work alternately, diere wfll be a' constant %bat 
through the port-vent. 
In chamber organs there is but one pair of bdlows, wbach con- 
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si.vis uf tiircc hourds, in nature of a smith's bellows ; aii^d so l^as a 
continual blast. < 

All the inner work is hid from sight, by the fiice of tbef JAStru- 
mcnt standing upon 36. -. • .' "= 

As many partitions LL, MM, &o. as there are in th^ spund- 
boanl, so many yulves V, V, rollers f , t, or else so numy. Ie;rers 
XV, or HO, and their wires, and that is just as ma^y. as mere 
are ki>ys A, H, C, 1), &c. And there are generally 61 keySi with 
flats :ind sharps, reaching from G to G, the compass of 5 oiHaves. 
but the scheme could not contain them all. Likewise, these are 
as numy liandlos /, /, ^cc. rollers R, Ry &c. sliders ^f, ^,,&c. as 
Uiere are ditk'rent slops upon the organ. And it must be ob- 
serve^ I, that, between tlie sUdersfyJ] &c. there are as many sliders 
on the ri^ht hand ; and the same number of handles an^ rolla^ 
wliich cannot be expressed in this scheme. And other rows oif 
pipes placed between LN, VQ, &c. And towards the mid^e of 
the or^'aii, the least pipes are placed, and the least partitions; 
the (Trcattrst beini; on the outside. 

Tliere arc many stops in some organs, but generally 10 or 12 
on cncli hand ; these are some of them; — diapason, principaly fif- 
teenth, twelfth, tierce, cornet, trumpet, French horn, T0x4mmana, 
thite, bassoon, cremona, &c. and a contrivance to swell the notes 
of some of the stops. 

When this noble instrument is to be played upon, put down 
the handle O of the bellows, this raises the upper bowl T, and 
caiisrs the air to enter in at the valve r« Then that hamlle being 
let CO, the other handle O is put down; during this time, the 
boani T of the first, descending, and shutting the valve r, drives 
the air through the other valve, up the port-vent into the'' wind 
chest. Then drawing out any handle, as the flute stop pi, this 
draws out the slider^^, and all the pipes in the set LN are ready 
to play, as soon as \he keys C, D, £, &c. are put down. There- 
fore, putting down the key D, by laying the finger upon it, opens 
the correspondent valve m\\ and the air enters throu^ % mto 
the pipe X, and makes it sound. In the same manner, any other 
pipe, in the set LN, will sound, when its key is put down. But 
no pipe in any other set PQ will speak, (because the comihiini- 
cation is stopped) till its slider /" is drawn out by the correspond- 
ing handle f. 

Pipes are made either of wood or metal ; some have mouths 
like flutes, others have reeds. The smallest pipes are made of 
tin, or of tin and lead. The sound of wooden and leaden pipes 
is soft. Short pipes are open, and the long ones are stopped ; 
the mouths of large square wooden pipes are stopped with valves 
of leather. Metal pipes liave a little ear on each side of the 
the mouth, to tuue them, by bending it a little in or out. What- 
ever note any open pipe sounds, when the mouth is stopped it 
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will sound an octaye Jpwer : and a pipe of twice its capacity 





,^ ^ UP/. LXXIII.) It will not, I think, beibfid§iirtoi«y 

dyi$nj, T^ t'giTe a shaft irceoutit of tiie method of toning oi|;ans 

pr harp^cords. But I must first premise somethiag oonceoaiog 

iSi^'^bsucI of music. It is known, lirom undoutod experiments, 

' tik^'^ AL be a string of a musical instrument, and if the string 

^Sfr^stdfeped successively at Y, «, q^p^o; and (, |, f, }, { of itJ>e 

iffidl^'yibrate, it will sound an eighth, a fifth, a fourth, a greater 

^;S^.\^d a lesser third, respectively. ?* 

Y JwW; a^ the dffierence between the fourth and fifth is aocouaffed 

' a Wm>le tone, whereof there are 6 to make up the octave, theie- 

j^i^j W^ shall have | — I, or t*^ for the difierence of the strings, 

{Ei^;a!^tb Sound a note one above the other, whereof the greater 

'is*Ji? iC^nsequiently, if the string is 1, that difference would ba^. 



/ Tlif^fi)^!' I 6f ' any string will sound a note higher; and f of this 
'^ ^(^S} miuld 'totitid 2 notes higher than the first: 



and I of! diis 
'^^d* '^d!d- sound 3 notes higher than the first, &c. and ihis 

we shall hirve 

note was bxact, 

therefore, | is too 

these notes do not 

exactly intike up an octave. 

jAfter the same way, if we take the difference between the 

; ^uctfi and lesser third for a whole lone ( f — |), we shall get ^ 

' ,^6f 'die string for a whole tone, but this will be found to be too 

; great, being .5314, instead of .5; therefore ^ is too small for a 

nqlfe. 

If we try by half notes, we shall still be no better. Thet leflber 

' ;^^ifd, the greater third, and the fourth differ by half a not8ti« of 

'^whithi fcre ought to be twelve in the octave. In the focitner 

£4^ "we get If for the length of the string, in the' latt€ffit||; 

' aiid ^ or i*s for the length of half a note. The first is- fi^ioXoo 

';' little j and the latter as much too big. . .-tot 

' ;, /As ndne of these notes or half notes will make up an oetttve, 

^ ',^ lielther will any number of thirds, fourths, or fifths^ niake 

pi^e or more octaves. A lesser third contains 3, a f^efjtter 

'thh^ 4, a fourth 5, and a fifth 7 half notes. Therefore, 4 tl^er 

thSrds, or 3 greater thirds, make an octave ; and 12 fourths should 

make 5 octaves; and 12 fifths 7 octaves. But if liris w^'so, 

tbenwe should havcT^ * = i,Tl » z=>, andp i« =:T^' ^^if^^'^ 

iT? V = 4), and §~^y = \, But never a one of- these iw^ so. 
,And hence we may conclude, that no scale, made up of^tiiese 
.notes, or half notes, or any combinatioos of them/ of of ^rds 
OKfi^s, &c. can be perfecfly exact. ' * •/ ■ • ■'^'i-»^^'l ^'^ 

Now, to contrive a scale to answer a^'i&eari^'pe^MMVsfll' the 

.'• -^oc yai; sioff i^v * 
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r(!(|uisitcs ; let AL, Am, An, Ao, &c. to AY or | AL, be 13 
•^(.'(nnctricul |>roportiuiiuls ; then these strings AL, Ant, A»f &c. 
will sounil III) the half notc« in the octave, gradually asoeadifig. 
TliLTofore, if AL be put rz 1, AY := 4> -^'"y -^^ -^^9 &c. being 
HO many mean proportionals between 1 and 4 will be foundi u 
set down in the following table. 



I 

Tonlft. I Strings. 



ffroufui 
ij si'cond 
3i sn'oiuJ 



Am 
An 



NoteA equally 
ascending. 



I Pure ConcraxU. 



Erron. 



1.00000 
.94387 
.89000 



1.00000 



/(H. third 
/irr. third 
fimrth. 



Ao 
Ap 



.84090 
.79370 
.74915 



i 2S fourth 
I fiflh 
I Us. sixth 
\ ^r. sirth. 



Ar 
As 
At 
An 



.70711 
.CG742 
.62996 
.59460 



.83333 
.80000 
.75000 



.66666 
.62500 
.60000 




ij seventh 
* seventh 
eifiht 



A IV 
A,r 
AY 



ft x'il 



.56123 
.52973 
.50000 



.50000 



in this table, the 3d column shews the lengths of the vibrating 
string, when the scale ascends by equal degrees of sound^ or 
when all the half notes are equal. 

The 4th col. ^shews the leiigdi of the string to sound the pure 
concords. 

The last col. relates only to the concords : and shews the error of 
the 3d col. expressing what part of a whole tone it is ; and whether 
it is below (expressed by ij) or above (by as). By this col. we 
can judge how the scale in tlie 3d col. will perform. And these 
errors are found by comparing the 3d and 4th col. top^ether. As 
suppose you would know what it is in the fifth, we shall have 
60742—066661=76, and 70711—62996=7715, which represents 
a tone in tliat place. Tlicn 7H3 or fis is the error, which i^.but 
the hundredth part of a whole tone. And as the number in tl^ 
3d col. is greater, it shews, that, by this scale, tlie fifth is flatter 
than it ought to be. And so are the rest of the errors found out, 
and examined. 

Now it is evident, that tlie error in a fifth or a fourth is quite 
insensible in practice ; but the thirds and sixths suffer the most, 
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lieiDg 'in some but the 13th part of a note, which, perhaps, may be 




easily 

peifeatioti discovvred. Now, although Aese trifliog erttjrs'WilT 
take away something from the sweetness of the harmony, and 
-will hinder the scale from being absolutely perfect, yet there is 
no remedy in it, but what is worse than the disease. 

As to the tuning this instrument, it is plain that the notes 
ought not to be tuned by perfect fifUis, for the upper note will 
alwa3rs be the hundredth part of a note too high. And since one 
must take 12 fifths, before he can come at the same note again, 
whence he set off, there will, at last, be an error of ^ or ^ of a 
note, which is very discoverable in a fifth. The method therefore 
to be taken^ is, U> make the upper note a very little flatter than 
a perfect 6&hy by fixst tuning it perfect, and then lowering it 
a small maUer, but net so much as to offend the ear. And ^ter 
you have, thus gone through the octave, if you find the last note 
either too high or too low, begin anew, and alter them all a little, 
according to your judgment, till the last does agree : but this 
judgment is to be attained principally by practice. Upon the 
first octave being rightly tuned, all the rest depend; and, therefore, 
one ought to be very exact in it ; for, in all the rest, there is no- 
thing to do but to take the eighths above and below. And you 
ought to begin to tune about the middle of the instrument. 

Those that tune by thirds, ought to take the upper note of the 
greater third, as sharp as the ear will bear. And lesser thirds 
should be taken as flat as they may. 

Most people, in tuning, take some of the fifths perfect, and leave 
others imperfect ; which they call bearing notes. But this is 
attended with great inconvenience : for the music ought to be 90 
set, that no fifth ought to fall on any of these bearing notes, 
whidi, instead of being a perfect concord, will be no better than a 
discoid, since the error in these bearing notes is very great. For 
if &ere is but one in an octave, its error is | of a note ; if two of 
them, and both alike, 1*5 of a note. Now, if these people be so 
nice as to distinguish jhis part of a note, much more would they 
be offended at i or i^^. And always to avoid taking the fifths 
upon these notes, when they come naturally in the way, would 
be cramping, and even spoiling the music. And another dis- 
advantage would arise, that a piece of music could not be trans- 
posed upon any key at pleasure, whatever need there might be 
for it ; but must be tied down to a very few. And if this mediod 
could cure, in any measure, the errors of ^e fifdis, yet it would 
not at all mend those of the thirds, which are &r greater.. *And 
if any one third should happen to l)e bettered, it is certain that 



Hn DESCRIPTION OF SmI. XI[L I 

oitiers will be made a* much woiw, kbiI trill ba twnad i* I 
(liticonla. 

Si>tne that like not the rqwharmcnir or tMotonie leak, abore dt- 
■crilied, would loiniioae * scale of teveral tans of tone* kod h 
tone<, ii« 1, I'll, mid i^, iV, it, it, it, &c. but what *i>d cwi 
aiMwur i it in very eaiy to shew, that if aonie corda may he likn 

Krri'Gl, oifaer^ willlie nitsenibly bad, and degeneral 
It lliis SL'heiiie aeemi to be built only upon the o 
almitaci numl'era; fur it reiiards only tlus, how to 
fractiuiuti (|iiaiititiea irsnlvuthemaclvea into odiersmore Miiiple,tj 
miiltiplioiiiun ; which ia a. thing of no roanneT of um in mntic. 

OUierK, to avoid the badnesi of die cords nbidi fall in toam I 
phicc'i, hate invented quaner notes ; which makes the Biosic a- 
tremrly haul to play ; iind ii, besides, &.r from BniwEriiig the end I 
proposed. Tliertfore, upon the whole, I cannot but think tht 
scale iibove described to be ihe beat fbr piaeticc Fe» to- tnull 
ail error as di of a note in a fifth, and erery wkar'thBume, 
caniiiii be sensible, or dn much hurt to the muric And I will 
Tenliirc tu say, that the very alteialion of the weather, in 34 honn' 
time, by lita't or cold, drought or moisture, will have such an 
eflici upon eillier strings or pipes, as to cause agreatei dtSerence 
tiriii tins amounts to. There are imperfections in every thin^, 
whii:li we caniiut iiuilu lake away; all we can do, is to make 
tliem as little as possible. 

More eKani)>leK of the consmctions of engines might here be 
added. But as there is such an infinite variety in the world, it 
would be ail endless 'ask to describe all the kiodi of them. 
TliCTcfure 1 think it needless to produce any more, especially, 
since thtir constniction and use depend upon the same principles 
as tliesR alieady described. And if the reader does but ibo- 
touglily understand the powers and forces of these before men- 
tioned, he cannot be at a loss lo find out the powen, f 
motions, of any otlier machine, though nevei 











^ ALPHABETICAL INDEX 

or TUB TERMS l^ED iN MECHANICS. , 



AIR PUMB, a nuchme to draw the aii out of a glaaa. 'IRb. I . 

PI.U1. 
JUntage, the spool foi a.jet <Feau ia a tbuntain. 
Jn^itvde, tbe itiitaiice a ball ia atwt to. ;> 

Atiemoicope, a moddne fbc gheiriiiR die point w the wind. Sw 
. J-W 2. P/. XL. ,V, 

AngS of qtpliaUkm, is the uigl* wbcfa t^ li|ie of direction of a 
, power makes with the terer it mU uiin^. j... 
— — (^ hKHaatUm, ii Ifaa ugle an iBaincd.'|4>iK makes with the 

■ of' traction, tbe fB^ whidhlhe^^nnficai of a pawa makes 

with an inclined plaai^ '.;,..«-;-'- 

Aqutikiet, an artificial ihc^ of njw fcij—nrfantrr.- 
..Irior, the ule or ■piodk of a iriiael. Fy. 4, ^. K XVIH. 
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Archf a hollow wall made of a ciroalar= -kmBfi tee jtog p u t tp iiy \i 

bailding. '. - n ,7/,*-.^.^; 

Areometer, an instrument to measure the weight of liqvoTk!.^.! 
Arm, any piece of timber or metal, that projects horizontally fron 

some part of a machine. 
Axle, or Axis, the line or ipindle about which a wheol liiiin.iPitd 

Fig. 4. Fl. XVIII. 
Axis in peritrochio, a machine for raising weifdits, cootiftiic ^.« 

wheel, fixed upon a cylinder for its axis. Fig, 3. P/, W*i:J. 

B. ■■ ■ ■ -[y: 

Balance^ a machine to weigh bodies in : one of tlw nedMHB 

powers. Fig.6. PLXVIU. [ _ ■ 

Balance wheel, the fly or pendulum of a wajtch. ; -^^u:,. 

Barometer, a machine to shew the weight of the air or vtmonhtR. 

See Fig. 4. PL XXVI. / ^ .:;XT 

Barotcope, the same as barometer : a weatheNgiait. = 

Barrel of awheel, is the axle, or cylindrieal bodj, dbmrtiiwhicfa 

the rope goes. — 
of a pump, is the hollow part of the pump wiMart-the 

piston works. ••.'..- 

Barrs, straight pieces of timber or metal, that run cross ficomroae 

part of a machine to another. ... . ii : 

Base, the foot of a pillar. 

Basil, that angle the edge of a tool is ground to. . 
Batten, a piece of timber three or four inches broads and an inch 

thick. 
To Batter, to lean backward. 
Bank, a long piece of timber. 

Beak, the crooked end of a piece of iron, to hold any thing 
Beam, a large piece of timber lying across any place,. 
Beetle, a wooden instrument, or ni^let, for driving piles. : 
Bevil, any angle that is not right. An oblique angle. 
Blacky a lump of wood. 
Blocks, pieces of wood in which the sheerers or putties m^'attd 

through which the ropes go. Fig. 7. FL IV, A, B. ^ • - 
Bolts, large iron pins. •. - 

Bond, the listening several pieces of timber together, dM)r ^ 

mortise and tenant, dove-tailiing, &c. !• \-3 

Brace, a piece of timber fixed obliquely into others, to staysMt* 

fifotn moving any \wly. 
Brackets, tlie cheeks of the carriage of a mortar* A- 'eMii^ti$ 

iron to ^tay timber Work ; also stays set under a shelf to Si^iport 

it. ■■.■■■ i-r". 

Brads, njuls having no broad heads. 
Bridge, any horizontal beam, &c. that is to support somethiegk' 
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^ : Buttre^ k pxete of str6ng wall that stands on the ^iilMieo^ 
■I iuQOthn<G«r^ Idildpiport^ e-x.'c^or ' ' r^- r ■■*■" .-^it-^r^t^^-z- 

^t mo-^yHBincii^ftA t:„v': o J . ^ : «. : -- -i-, .vis :r;"-t 



ibeo^ a shin^ to hoii^Mftft AiM8^.0» idiite 

^ toy We^ht. F%. 2. P/. XXXVII. ^ • \ 

■ Catari^ ik^ preg^ce, uor ■ violent faU of water in A mer, thrcMigh 

high rocks, causing the Wat^r to fall with a gr^at noise and 
force. 

■ Qa8ll^9«6nsifisfa)aM->piurtrjof«aiAacliitte; whi^, in its iQ^litHRy 
s liooks or lays bold of some other paSrt to stop it. 

r Centre of motion^ tlri^-^peint Ibont Which a body mov^ . c- 

I -*a%A^to^!gt9iH^ tiid point lipon Whidi a body being su8pe94«l^ 
it will rest in any position. 

-> ^ 6f ffUtgmtk^^fk point equidistltXit irom the fl^jppbiRte ^^ 

•iatflimittatf; dt^My . ■-. The imddle. 

of percussion^ the point of a vibrating body that ^Voil the 

Cmtre pin, a pin about which, as a centi^, a body tfiovefc ^ ,,. 
€ykn«P^]dni^Ta pantf having several buckets fixed to an endleiis 

chain, which goes through it, and is moved round upon an axle. 

J%. 3. P/.XL. ,. ,: - 

ChapSy two sides of a machine which take hold of any i^ng^ . :r.: 
CMteia^ two U{^fat piuttd of 1^ machine, aj^tw^ing^ one attoAit 

in position and use. 
Ckronoscope, a pendulum to measure time. * ." "*. 

Clack, a sort of valVe which is flat, lik6 a boar4 » sfnriof to 91^, 

^iM l^om ttmoing out ¥ig^. 2. JPl. XLVU. T^ a 4^. - 
Clampt, when the edgeff of two pieces of boai^s ai» joino^ ii^ 

ge&^r, sO' as tho ^min of one may lit orois tbfc giaiii oi^ 

other. . . ■ ...«?;:■, 

Clasp, a sort of buckle to fasten any thing. - .aJ 

&t^fmU$, those with little heads to sikik into the W9ood> ; .; ^^\^ 
Claws, slender crooked pieces of metal- ill a mathiihe^.WluehjilfYe 

\6 move or hold any thifag. Long teeth. ,*.•.,,, -c.: , 
I^ Gl^H^h CT^lmck, to double back the end of a iml^ i^m it vmf 

not draw out again. To rivet: * 
€knch4iaib^ nails that may be clinched. ^y, /^r:; 

Cdck, a brass spotit tO liet a fluid run oUt/.'Or sl^ it W^Qing^ .. 
Cb^^Che wooden teeth of a great wheel. Fig^ 1. PL XUX^^Ji^. 
0»gmki»i^.tkUi^ wheel made of timber* where. tl^alieotlVi #19114 

perpendieular to the plane of the wheel, ttf. U PL XLH^ £. 
CoUar, a ritig of metal that goes aboitt siqr tkmgf tutfur the. tof^ 

ii^whidrilrturoB'roaBd; , >,- .- ■/r.. -' 
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CbAmRy'the sboft or trunk of a pillar. 

Qmirate-vfhedf a wheel in a cknck, where ibe teeth are jparaXU to 

the axis, and stand on the under side of the rim, and the tvae 

as shewn at Fig. 2. Fl. XX. 
Corlh /, A piece of timher, or stone, set under another piece, to 

discharge the weight. 
Crtibf a small capstan witli three claws, to be placed oa & 

ground, moveable from one plane to another. This is called a 

tiying capstan. 
Crane, a machine for hoisting goods out of a ship, or for raiaiBg 

timber or stone. Fi^. 2. Ft. XXIX. 
Crmik, that part of an iron axis which is turned square widi tp 

elbow. Fig. 2. FL XXXII. 1 1. 
Cross-tree, a horizontal beam fixed across another. 
Crvw, a strong square bar of iron, forked at the end, to reawre 

heavy timber, &c. by using it with the hands. 
Croum-^wkcel, in a clock or watdi, it that next die baluoe ; its faMfh 

stand in the upper side of the rim, and not in the edge. J%. 3. 

P/. XVI. KG. 
Cupola, a hollow arched tower, in form of a hemisphere, or o£ a 

bowl turned upside down. 

D. 

Density, is a greater or less quantity of matter contained in s 

given space. 
Detents, are those stops, which, being lifted up, the clock stnkes ; 

and fklling down, she stops. 
Dog nails, nails used for fastening hinges. 
I>ome, a round vaulted roof or tower. A cupola. 
Dormant, a great beam lying cross a house. A summer. 
Dormer, a window in the roof of a house. 
Dovetailing, letting one piece of timber into anodier, with a 

joint in form of a dove's tail, being broader at the end^ that it 

may not draw out again. 
Drum, the lantern or trundle, which is carried by a great wheel. 

Fig. 1. FL XLVI. EF. 
Drum head, a timber head,. or lump of timber, in fbnn of a drmn. 

E. 

Edging, the outside or border. 

Endless chain, a chain with the ends joined together ; by which 

any part of a machine is wrought. 
Endless screw, a screw working in the teeth of a whed ; which 

may be turned abbut for ever. Fig. 1. FL XX. E. 
Engine, a mechanical instrument composed of wheels, levers, 

screws, &c. .i ■ 




&6fEKtiimmwr/nBsaai uk 



a hoUow globe of mMbI, vftted .iritk watai^ Mi,|M Al 
[;d|lie<^t0Mt^^dv»noiir Mtthet ovtaft-a tmtt Me^^^Gift 

tebcf; "JP%. 8. PL XLV. . • ,. .-,/i :.ui 

Miy the equality of weighty cf iWo te ^muttv lM4MMfy.^.fo. 
f (ili^'a&cmr al lest- '• -> ■ ■ • . ..n..- ■ 'i : i;.;(j . i,j .j-.v!.) 
>le in sonie part of a madiine, tbrngh ^4fckil#Mnf 

■-< " ■ ^ ■ ■ ■ ■• '• ■■ = ■ i'''-.^.r-;:V A '^y 

ipBl ovibfeBide of a machine^ Qff,oC fopiil IMJ^^^ 

irn'MEiall ^pitoe of metal, like. a iK^iMh^.l^^jff 
movea some other pari. / ,1.1 

Boes of wood OD the ontmH^of a wi^e^idAdi qul^^kf 
*» • '" 

ori of hoop* ' 

iMhtt- boards Mt perpendicular oo.-ift^. 
te tdiich the wat^ drives Att wftjiiA 
fill. D, D. J A 1^ 

nAw ft«iock^ See. that re^olaleft^ ^' 

TO. JRgtirci 5, 6, r. P/. Xyi, ..y .vM'w 
' thing that acts upon a body to pot li m nolioiL 
p, a pump that dischaiges water liy pwwring itupwirfi, 

et oiE^ork of any madune^ or what holds all wp^' 

r of aU impediment . . . *.. ' \. ' " " • 

iie resistance that bodies, have by rab^ng;>gf(j]|i^ 






Lt weights. Fig.U,rl;Aljff.y^^ 




Intwhidi support^ 1 lever, ui il»of|pf >iy( ^*^^]J'??f/! 

lev^oig shocdder o" 
cmne to raise great 

M^bl of bodies. , »;. i-.Ti-fK^-i,.;! 

!C^, by this one body weighs amrt^qr^fp^fllaq^;^ 
laebilk. '.'^ ' ' ;.'^. '; _.■ 

ilative, is the weight of a body in a fixaiS, ot on iaj^ 

olitmnel cut in woodbr stO]]|^., ..J ^ • -k 
Ae eyes i» the s^ern oC as]iipu!piA,ii 
The centre pms of an aile. 
ft^ifhirltng round. .^l 

ndez or pointer. ' ^ , ^ _ ^^ >».- m 
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Htmdk\ tht |»rt of ao inttrumeat to take hold on jeri^^ tt^e 
HanJ-tpike, a wooden lever to be used with t&Q b^w^. iti 

any lliing. .,.,... .^ : i i 

//«</(/, tlie top part of any thing. . . ' . '"^'T^ * 

//(*/;;, tlie edge of some cloth turned down and 9iew^,' ' ^| : 
Hint^\ an iron joint on which a door turns, &c^ . . / .- '^r 
To Hitch, to catch hold on, with a hook or turn of a rop^- !^''^" 
To JLtise, or hoisif to heave up, pr raise by force. -";."-- 

lldok phUf taper iron pins with a hook head, by which th^'il^ 

struck out again. They serve to pin the frame ^f a row or 

floor together, till wrought off. 
Ihhtpf a circular ring to put about any thing, to keep it fast. 
ll»/draulic$j the art of making engines for water Worlls^ .*.. i^.^*;-' 
ifi/drnmeter, an instrument to measure the density -of fkaiM^^'MA- 

' PI. XLVII. ■'■.:oo 

Ifydrostutics, a science teaching the weiglits, pfossuifM,' smMA, 

and properties of fluids. , :«.3i 

Uifdrontatical balance, an instrument fbr finding the AptoiAs^ 

vity of bodies. -^ i 

Ifvf^ronietrr, \ an instrument for measuring the rooisfnva- MPft'tf^ 
lli/groscope, S ness of the air. Fig, A* PL XLV. " f^n 

I. . --3^ 

Jack, an engine to lift up a loaded cart, or the roof of a bonss^f' 
See Fig, 1. PI. XXXVIII. Also an engine to MM^mt 
Fig.t. P/.XLIII. . ^^v,>.J 

J'/cA' /7?i;i?p, a chain pump. .-^N' 

Jtiutnx^ door posts, or window posts, &c. - j^ - 

J(t d'eauy the pipe of a fountain, which spouts up water isto 
the air. Fig,\. P/. LVII. 

Impetus, any blow or force wherewith one body strikes or isipds 
anotlier. '^'■. 

Joint, the place where one part is fixed into another^ or jmms 
about it. ~ .itf'''' 

Joists, those pieces of timber framed into the dormant, in sttaise, 
and on which the boards of the floor are laid. 

Kei/s, stones in the top of an arch, to bind the sweeps together. 
Kenk, a snarle, or little turn upon a rope, that it cannot run. 
Knee, a crooked or angular branch of timber. ... . 

L. 

Ijantern^ that part which is moved by the cogs of a great wlleel 
acting against the spindles or rounds. "Die drum, t^, .\ 
P/. XLVI. EF. 
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, t^t.iyr^ fastens ^^^oor. &c. A nwcA; 
r: dr k^yi bar dif uon or Wbod to 



ihed)M6 |>6wers./' - - "• ■■ - - »i-v.-ii*.iJU 

1, the teeth of a pinion. Fi§, 4. PL XVIII. c."e.W^ 'c*~'-_ 
IfdgCy a flatbprdec, or plaip, adjoining to aihinr.. i - \t''- -^"^ 
IdCDf/y an imitrumentto place any thing horizontsu. - .'.^^*^ 

X«ncA;>i7i^a pin that keeps a' wheel from commgoff itytad^r-- 
JE^p, a &ti eSl^e tuned hollow. W ..1 

fSVb'i) ?J^ ^^ meiaA having a hole in the endy which gees Qtfk 
■c yBytoy»g' A BOOse in k rope that will slip. 



^« I i. 



Mmckine, amecbanical instrument for moving bodies. 
■Mfjl^ffnia,..^ science that teaches the principles of motion, md 

construction of engines^ to move great weights. 
^MM mic j^ppen, ^e these six; the balance^ lever, wheels P^^f^K' 

screw, and wedge : atid, according to some, the indined plaitie. 
^Miffm^iOm.wof^ of 45 degrees, or half a right one.' An fialfmS^ 

u a quarter of a right angle. . ~ "' 

MA m H ti m^ c^oantity of motion ; or the force or power a.bbdgr ip 

motion has to move another. . ^ ,'^, 

Mortite, a square hole cut in a piece of stufl^ to receivi^^ 

tennant. 
Mofitmi isr the successive change of place of a body ; <»r its p399- 
'^jRig ifsm one place to another. 

Mmmig force, any active force or power that moves a bdfljf, . 
Mouthy the part or parts of a machine, thattakehold'of abyO^ig* 

The entrance into any cavity. . ... '* , 

'■'■ - ■ N. ■;■ -■ 

JktoBf or Ifoffi the Uock in the middle of a. wheel; . . ^ ' :,; 1; 
2Vec^, a part near the end, cut small. \ .'.*'> ;*^' ' 

*MattbyZ, deut, nick, or slit, made in any thing. . ' .' ^ !' ' 

IhU, the pinion of a wheel. Fig. 4. PI. XVIII. AB, ABinall 
*- ^oe 01 metal going upon the end of a screw nail. . .. . 

OteUiatumy the vibration or swinging of a pendulum. 

p. ... 



. ■. -^.> .. A 



Paddles, a sort of oars. Hie laddie boavds- Oft- tfier^M|(»'W)a 

water-wheel, 
.g^fips^^ the base or bottom of a pillar. 
Fegfa. or Pier$, a sort of battretstb fbr simpior^i^ llttteiiBIK^'' • 
iVfe^piii-WgoiiitoahQlt. - -lir '=?^t,?f ^v- 
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FtHd4dumf a weight hun^; by a string or wire, swinging back and 

forward, to measure time. 
PemUKky tlic sluice or door, tliat opens or shuts the paatsge of As 

water to a water-wheel. 
PcrciLssion, the striking of one hody against another. 
PestU, a lunir piece ot wood or metal, which rises up and &Hl 

down again to beat or bruise somethings < ' 

Pctrta, or Pivotg, the ends of the spindle of the wheel in a dsck 

or any machine, which play in the • 

Pcvit holes, the holes in which the ends of a spindle or axle oi a 

wheel turn. Fi^. 4. PL Wllh e,f, 
Pickitj a stake pointed with iron, to drive into the ground. 
PU/ar, a perpendicular column, supporting one end. of an axcfa) 

&c. ^ J 

Pinum, a little wheel at one end of the spindle, consisting but of 

a few leaves or teeth. Fig. 4. PL XVIII. AB. 
Piston, a round piece of wood, moving up and down within the 

body of a pump, to draw up the water. 
Plate, a piece of tim1)er, on which some heavy work is framed, as 

wall-plate, &c. A flat piece of metal. 
Pneumatics, a science teaching the properties of the air. 
Pole, a long staff, or slender piece of wood. 
Post, a perpendicular or upright beam of wood. 
Power, the force applied to an engine to raise any weight Or 

any force acting upon a body to move it. 
To Project, to jet out or hang over. 
Projectiles, balls or any heavy body thrown into the air. 
Prop, a stay or support for any thing, to bear it up. 
Puller/, a small wheel with a channel in the edge of it, moving 

about an axis fixed in a block ; the channel is to receive a 

rope or chain that goes over it. One of the mechanic powers. 
Pump, an engine to raise water. Fig. 2. PL XXIII. 
Punchins, short pieces of timber, placed upright to support s6mi 

weight. 

R. 

P^-wheel, the barrel or wheel in a chain pump. Fig. 3. PL XL. 
Rails, small pieces of wood joined into others ; those pieces into 

which the pannels of doors, &c. are fitted. 
Bummer, an instrument for driving stones or piles into the 

ground, or beating the earth. 
JR^ow, the distance to which a. ball is shot. «.. \ 

Pmwe, the direction a ball is shot in, from a piece of ordnance. 
To Range, to run straight, or directly in a line. 
To Reeve, to pass, a rope through any hole. 
Return, the side that tuirns off from any piece of straigiht work* . 




B^kts, little flat, thin, square pieces of wodd: : ; .: iM-j* 
J»h,*^fh6 dtedajr part' or d«ti^de of a wheel. -: • * • 'V/.v.,a 

To Rhet, to batter down the end of a nail; that it dm# nof <$ut 

again. ■ •'' - 

Wm, i'teny'slebder piece of -wood Or nietal. '/• " ' ■ ' v;t 
Roll, or rollery an engine tamed' by a handle/ to i^ise weigfrts. 
^'*^.l. PI. XXXVI. 
Mounds, the staves or spindles in a lantern, against whidi'^e 

tieefll of a great wheel work. Fig. 1. PL XLVI. c, e. Tki 

st^ps in a ladder, &c. 
Ruler, a thiti straight piece of wood; metal, or ivory, for drawing 
•*stfedtjht lines. ; 

Rungs, spindles or rounds. Fig. 1 . PL XLVI. c, c, • ^ 

RuiSier, aflat circular -ring, between the nave aiid Unpin of i 

wheel^ called ^Iso a Washer. Also a sort of rope on board a 
' ship; to hoist with. 

S. \, 

Sails, large pieces of canvas, by which ships, windmills, &c. are, 

carried, by help of the wind. ^ 

jSban^/i?i, stuff cut to a proper size.. 
Screw, one of the mechanic powers. The tap vrith the thread' 

is the male screw, the hollow that receives it is the female screw. 
Scribing, drawing an irregular line upon one piece of stuff par* 

raUel to the irregular side of another, with a pair of compasses 

opened to a due distance, and carried along the side of it. Thexi 

the wood in the first piece being cut away, these two pieces will' 
• fit each other. ' • 

To Seaze, to bind or fasten a rope, &c. 
Sht^ or shank, 2nj long part of ah instrument, especially that * 

which is held with the hands. "' , 

Sheers, two poles set up an end sloping, and tied together at ^o^;* 

and secured by a rope from falling. Their use is to Mstsicay 

weight by help of a block and tackle at top. 
Sheevers or shieves, puUies, the little wheels that run in blocks,' 

by a rope going over them. : « ••. .1'^^ 

Sk^, a board, 8ec. fixed horizontally. "- 

Shoulder, a part of timber or metal, cut thicker thafa th6 teeX, v^ 

order to support something. ''■ 

Shrouds, the leages on the edge pf a guttered wheel. 
Sillsy sellsy or grotmcbi/i, pieces of timber that lie on the gtoiiii^/ 

into which others are nxed. Sole trees. ' ^ 

Siphon, a crooked glass or n&etal tube, for drawing off liqoori.'- 

Fig. 2. P/.XXVI. J '• 
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Sleepers^ pieces of timber laid as a foiindaAiOD aod 4<ippflrt&ir 

others that are to lie upon them. 
Slingi, these are made of a rope uUcedwitb an ^jfB aieiAv 

end, to go over a cask, or some neavy things which H-lp.bi 

hoisted. 
Snatch biock, a gnreat block with a sheever in it« and a iH^t^jjiri) 

througli one of the cheeks of it, to hitch th« w^p^ ii^to Ai 

pulley, for readiness. 
Socket, a hollow piece of metal, in which any thing moves. 
Sole, the bottom of the gutter or channel, in a guttered wheel- 
Sole tree, the lowest piece of timber which lies fl^t on the ain^ 

into which the upper works are framed. The groundseC 
Spanish burton, a sort of tackle to hoist goods, like Ftjt, 4. 

PL XXI. 
Spear, a loD^ pointed iron, or piece of timber. ...V.'; 

Specific gravity, is that whereby one body weighs more Qic Iw (^ 

another of the same magnitude. ^ ..... ■ 

Spike, a pointed iron, or piece of wood. 

Spindle, the axle of a wheel. Fig, 4. P/. XVlU. ef> 
Spirts, the turns of a rope about a cylinder or roller. 
To Splice, to join two ropes together by working the straipiisiiqilb 

one another. 
Spokes, pieces of wood running from the centre of a whee} Ip tfo 

circumference, like rays. 
Spring, an instrument made of steel, that being bent, it 99pU- 

nually exerts a great force, that it may unbend itself agi^n. 

Springing plates are sometimes made of brass. 
Spur, a sort of prop, set aslope to thrust. 
Spurs, long wooden teeth standing in the edge of a large tin)]^ 

wheel. Fig. 2. PL XIX. a, a, a. 
Spur wheel, a wooden wheel where the teeth stand in tbe ^ge of 

the rim. Fig. 2. PL XIX. CD, 
Staff", a stick or small piece of wood. . . ,'; 

Statics, a part of mechanics, teaching the motions and prop^^^ 

of heavy bodies. l^ /. 

Stai/, a piece of timber, or other thing fixed as a prop or support 

to some heavy body. 
Steelyard, an instrument to weigh bodies, consisting of « Wog 

beam and a moveable weight. Fig. 8. PL XVIIJ. • '- ■ 

Stock, the wooden part of a thing, and into which it is fixed. - 
Stopple, or stopper, a plug that fits into a hole. 
Stops, any small pieces ii^ a moving machine, that serve t^ stop 

the motion. .■:' 

Strain, the stress or violence any thing sufiers by a wei^t^or 

force acting against it. 




■ riage wheels, also called fiie tire, ' n* e-'^ -^pj'-* g-orfjo 

SM^^^Iiw^, 7t» litti^^battoti.: A solid pieeeo^ intlrifiM^^^. 
*^airt2fte;--' -^ :^- .•■:.'• .'--•- 

any wood that joiners work tlpon. .-.^ i^^cxi 

''^iOletaVriiig that mms about any way. .: i:»o.rt. 

- j'^tl^siBftn^asdphon. A crane. Fig. 2. P/. XXVI* : 
>$frti^y an instrument for injecting liquors into any plac?* ; , 

"'•'' ' T. ■■-'• 




' - » 



Tengfi, tne 



^^ Hocks with pullies and ropes in them, to heave up goo^^, 

'^2, 3, 4. P/. XXI. The rope we pull By is cdled^ 

?-faU. ... . .:■ 

squ^e eild of a piece of wood, made to fit inter k 
mortise hole. 
fnom^t^. \ an instrument to shew the degrees of hegt mi 
Micdpe, S cold. Fig. 4. PI. XLVII. > 

JTiread, the spiral ridge that goes winding round a screw. 
Thrtat, the action against a body to push it forward. - 

Tight, stiff, close. v 

^PQt^f^ a ^in slender piece of metal or wood in a madiine. f 
Tbolf an instrument to work with. 
Tooth, the indented part on the edge of a wheel that mores some 

other wheel. Or what serves to cut, or take hold on. 
jyianfom, an overthwart beam in a building. 
[^riaTig^^, an engine standing on three legs, to raise weights wi&. 

j%.ivp/:xxi. 

Ihmdle, the part which is carried about by the teeth of a "v^ooden 
wheel, The lantern or drum. Fig. 1. PL XLVI. EF. 

TVimi, a lioUo^ tube or box. - 

Tumbler, a part in a machine that rolls about upon an atfs, Imd 
pl^ys back and forward. 

Tumbrel, a roller, or cylindrical beam of wood. 

j^mjkimmi^ a kind of wheel placed on an axle, and has sfar^ 
or rounds instead of teeth, and is carried about by a great 
wooden wheel. A trundle or drum. Fig. 1. PL XLVI. £F. 

V. 

J^e^ 4 piece of wood, &c. so fitted into a hole, that it opens aod 
lets a nuid pass through one way; and shuts aiod stops it the 
other. Fig. 2. PL XLVII. V. W. A sucking valve, is that 
where the water follows the piaton. A forcing valve when il ia 

:: 4riTea through before it. 

Vane, a sail, or fan, generally to show the point of the wind* 

Veh&fy^ an affection of xootion^ and is that by whii^ a.body 
ps^ses over a certain space in a given tiioe. Swiftness^ or 
celerity. 
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Viiration, the moving of twinging of a peDdulum back andfomri. 
Vii mrriia, a property of body, by which it resbls any impnHcd 

force, and endeavours to coatinue in the same state. 
W. 
Walltni'fr, a trundle upon a horizontal axis. Fig 1 . PI. XIH. P. 
WaUriK'itr, an instrument to try the Uretigth of liquora. A 1^ 

dtoineier. 
Web, ihc thin broad part of an initrument, as the web of a key, fcc. 
Wed)!!, an instnunent to cleave wood. One of the meduuic 

powers. 
Wkif,ht, the tendency of bodie* downwaid. Thtjnatler raised b; 

i aoirMUriiin 

rhed- \ 



Wheel, a machine consisting at an axis mtd a OirMUr liin^irift 
teeth in it, and then it is called a toodied whed- ' 

SHiootk, a wheel without teeth, turned b 

Wheel and axle, a machine to laiM 



powers. Fig. 3. PI. III. 
Wim/i, an iDstniment with a croaked handle, to.tarn any thing 

about with. n^Cf^'' 

Wini^Kr, a winch or handle to wind about' 
Winil/as$, a machine to raise great weights. On board a ahip, it 

lerves to hoist the anchor. It is an hoiixontal roller, turned 

round by handspiLes. 
Windmill, a mill to grind com, moved by the wind. Fig. 1. PL 

XLVl. 
Xi'iip, a thin broad pari that covers something, or hangs over it 

Also what helps to give doe motion to anj tldag^ as tjtei Sanlb 

in a water wheel, a part of a sail, iic 
Worm, a spiral thread running rourid a cylinder, forming a sort of 





A LIST 

OF'THB PRINCIPAL MACHINES DESCRIBED IN 
THIS BOOK. 



AiK Pump, Fig. 1. PI. UI. 

Arch for bridges, Fig. 1, 3, 3,b> S. PL LXXI. 

Artificial fountains, Tfc. 1. PI. XLHl., Fig. 2 and 3. Pt LVI., 

and Fig.\.Pl.l.Vli. 
Axis in peritrocUo, Fig. 3. PI. Ul. 
Baioineter, Fig 4. PI. XXVI. 
Bellowa, Fig. 3. P/. XXXVI. 

by water, f%. 1. Pt XXXIIL and J^. 1. Pi XXXIV. 

Blowing wheel, %. 1. PL LVI,- 

Boals, %. t and 2. PI. XXIL 

Bobgin, Fig. I. PL LX. 

Carts, JV- 3 and 4. PL XXII. 

Cheese-preu, f^. 9. JPL tvm. 

Clock, Fig. 1. PZ. LXVI. and tig. 1. P/. LXVIL 
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Coal^in, Fig. 2. PL XXXVin. miL'Bg/l.Fi^SJ^ zui^:^-. 
Crab, or capstan. Fig. 2. PL XXXiWU/ Vi r- .-.iT . ntOiiior- «• ■ 
Crane, Fig. 2. P/. XIX. and I^. l-PAXXk : 1 .:; r.,,^ ^^/..^.f 

compound, Jijg. 1. P/. LXU. . .1 . -I = in:-5ait5:wl 

Cutting engine, ^. l.P/.LXVm. • 1 i v.'l .?no^'/f 

Endless screw, Fig. 1. P/. V. and Fig. I. P/*KX. >1 / 'm-ilfiW 
Engine to make a hammer strike, Fig, 1. Pii XXJUl .'J';ri!-i9t£V/ 

to quench fire, Fig. 1. P/. L. " XXJ 

for iron works. Fig. 1. P/-XXXI. asid J%.1. -KgJP^; 

to shew the wind, Fif» 2. PL XL. ...;;;,. 3 ^:*uK3^ 

for drawing water, ly. LP/aXXHIii I -/i Ilim-lciW 

at London Bridge, Fig. 1. PL LIV. ^/i .lir^.iia - 

Eolipile, Fig. 3. P/. XLV. 

Fire engine for coal-ints. Fig. i. PL XLIX. and Fig, i.PL UX. 

Glazier's vice, Fig. 2. PL lAlX. 

Gunpowder mill, Ptf. 1. PL LXL 

Horse-mill, Pi?. 2. P/. LVIIL 

Hydrometer, J%. 3. PL XLVH. 

Hydrostatic bellows, Fig. 2. P/. XLUI. 

Hygroscope, Fig. 4. P/. XLV. 

Jack for roasting meat. Fig* 1. PL XLIII. 

for raising weights, Fig. 1. PL XXXVIU. 

Lifting stock, Fig. 2. PL LIX. 

Mouse-traps, Fig. 1 and 2. P^ XLV. 

Organ, Ptf.l.P/.LXXm. 

Pile engines. Fig. 1. P/. XXXV. and Fig. t.FL LV. 

Pullies and tackles, i%. 7. K IV., Fig. 4- PI. XXVIII^ JF%. 3. 

PL XXXII. 
Pumps, Fig. 2 . PL XXni., f%. 2. PL XXXH., <nd Fig. 1 and 2. 

pfxLvn. 

Rag-pump, P%. 3. PI XL. 

Rollers, Pig. 1. PL XXVIIL, Fig. 1. Pi. XXXV., and Fig. I and 
2. P/. XXXVI. 

Roliing.press, P^. 3. PL XLVIII. 
Sailing chariot, Fig. 1. PL XXX. 
Sawing engine. Fig. 2. PL XLV, 
Scales, Fig. 6. P/. XVIII. 
Screw, Fig. 2. P/. IV. 
Ship, P^.l.P/. LI. 

swiftest. Pig. 1. PL LXV. 

Slitting mill. Pig. 1. PL XXXIX. 
Smoke-jack, P^. 2. P/. XXX. 
Spinning-wheel, Pi^ I.PL XIX. 
Steel-yard, P^. 8. PL XVIII. 

compound, P%. 2. P/. LVII. 

Syphons, P^. 2. P/. XXVL and P^. 4. PL XL. 
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lomeier, J^. 4. Pf. Xl^iaXi^IX 'y^ u vl .oeJsQE? lo ,d«iO 
jle and sheers, flUJl'.IPtXp.":.-. ^i'l \1 i ■;,i1 .mbiD 

mt-mill, Fl?. I.PI.LXIV. ■" I •". -.-.i , ...> ■•,iod 
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APPENDIX. 



NOTES, ILLUSTRATIONS, AND OBSERVATIONS, 
EXPLANATORY AND FAMFLIAR. 



Titua, we say that a hammer strikes with a certain force, miatA 
force eridentlj depends on Ae veighl of the hammer, and-the 
TdodtT with which we strilce the blow ; for a light liaoimer will 
'not slnke M hard as a heavy one, nor a slow slrolie be ai eflleo- 
tire as a quick one, Hms the quantity of motion (or the momen- 
ntm) must depeod upon the quantity of matter, (that ii, Ae w^gfat 
of the hammer,) aud the velocity oi quicknest with wbidi we 
strike, jointly ; that is, in estimating the tonx of a bloM,'We anist 
lake into accouBt bodi the weight cif the body and qmcfcoeas of 
the stroke. 

Def. 9. (_page 2,) Fit Jnerfie.— Thus, a bhiek of wood or stone 
[aid on the ground, would remain there without motion for ever, 
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wtMC it not niuveil l)y force, which is applied by some fonipi I jo 
(Kiwcr not scaled in the body itself ; or, if a cannoii bill | k 
witTii shot in any given direction, it would for ever mo?e in Ait 
direction, were it not affected by tlie gravity of the earth, wfaicbii 
continually endeavouring to draw it downwards; thus, weiBi| 
term the vis inertits of bodies to be a propensity in ali bodia 
either to remain at rest, if not acted on by any other body, or if 
acted on by any force, to obey that force impressed on it; or its 
a certain sluggish quality of bodies, which .implicitly obey vaj 
forco impressed on them ; or, if no force is ftpplied, they would fiii 
ever rcmuin at rest. 

Def. 22. Alechanical jxiw«n .-^The Writers on mechanics seen 
t<i (lifTer with regard to the number of mechanical powers, some 
reducing them to three, while others ntunber than at seven, ts 
follows : — the lever, the wheel and oni, i3m pfdk^^ the scrtw, }k 
inclined plane, the vedgc, and the fiadcutar tnoMw, (or combina- 
tion of ropes,) which hereafter I will take an oppcntonity to de- 
scril>e, and to which our author adds another power, by this defi- 
nition, viz. the balance, which is evidently an oversight, as the 
balance is nothing but a lever, whose brachia or arms are of equal 
length. Now, we may, with great propriety, I think, reduce the 
number of simple mechanical powers to three, viz. the lever, the 
pulley, and the inclined plane, for all the properties of the axis and 
wheel depend upon the principle of the lever, and the ciicam- 
ft.Toiice or the wheel and axis is but a continued series of levers. 
In like manner, the screw is but an inclined plane, wound round 
u cylinder, and the wedge but two inclined planes joined together, 
the properties of wliich may be all demonstrated by the properties 
of the inclined plane itself; in fiact, the screw is a compound en- 
gine, made up of the lever and inclined plane, for the &rce which 
is employed to turn the screw is evidently a leverj while the screw 
itself is but an inclined plane, wound round an axis. All this 
will appear evident, from comparing the properties of these 
several powers with each other. 

Axiom 1. — ^This is evident, from the consideration of XH^. 9; 
for a body laid on a perfectly level sur&ce would remain in the 
same place for ever ; but if the surface vi^as inclined, so as to give 
the b<>dy a rolling motion, it would continue that motion so long 
as the inclination of the plane remained the same ; and iif die 
plane was infinite in length, the body would roll on, ad iu/mUum, 
or for ever ; thus shewing, Uiat if the body is at rest, it will always 
maintain that state, or if put in motion, would always move nil 
some obstacle intervened, or Uic power that produced the motion 
ceased, w*hich power, in this supposed case, is the inclination of 
the plane. 

Axiom 3. — ^This may be iihewn by striking a hammer on an 
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anvil, for it will re-bouDd from the stroke, shewing that a re- 
action has taken place, and in a contrary direction to die stroke 
impvessed ; and if the anyil and hammer were perfectly efantic 
bodies^ the re-bound -or re-action would be with a force equi^io 
tbe stroke of the -hammer. In ^e theory of mechanics,, all -bodies 
are supposed to be perfectly elastic, or perfectly solid, or non^ 
elastic, when we are estimating their forces, or calculating 6wir 
effects on each other. 

. Axkm 2. — ^Thus, if two men pull the ends of a rope with equal 
feroe, the men will both remain immoveable^ or the stiengdi of 
one man is counteracted by the strength of the odier. 

-Prop. 3. (p^e6,) Cotw — ^It may, perhaps, be not amiss to ex- 
plain ^the term reetproadUf, which may be thus shortly and femi- 
fiariy illustrated. Suppose a caniage travels during ifae time of 
one hour, for instance ; the distance or space it has moved will-be 
aeconiing to the velocity of its motion ; thus, it will pass over a 
great space with a quick velocity in the g^ven time,- out throogfa 
a small space, 3Pnth a slow velocity in the same time : thus, if &e 
space is large^ the vielocity must be quick, and if the space is 
small^ the vdoci^ must be slow in proportion. Thus, if a ear- 
nage travel with a velocity of six miles per hour, for Ae spaee of 
60 miles, the time it will be performing the whole joumer ^I be 

€0 
10 hours, that is, as .6 I 1 ::60: 10 or 60= 10 x 6, or 10=: -r- 

o 

that is, the time is as the space divided by the velocity. 

^rm, 4. Cor. {page 6.) — ^That is, if S represent the spac^' F W 

force, T the time, and M the quantity of matter, we shall have S 

FxT 
is as 1^ ' . See die third equation, Sdiolium, Prop. 4. 

Prop. 7. {page 10, latter part of Case 2.) The v^ power. — M 
some of my mechanical readers may not be sufficiently acquainted 
with algebraic notation, to comprehend the exact meaniog of this 
term, I will endeavour to explsun it as shortly as possi^e. Xlie 
power of any number or letter, representing apy number; or quan- 
tity, is algebraically represented by the index or littie figure, 9et 
to the right of the letter, a litde above it, and shows the power oi 
number of t^nes the letter (representipg quantity or number) is 
multipJied into itself: thuS| A' represents. .Uie square, or, as it is 
calleo^ the second power of the quanti^. A. A' lepresepts the 
cube or third power of the letter A; and so on to any vpowflr. re- 
quired : bat the expression A** shews generally any povim af.tba 
letter A, whid^ the letter n may be made to represent, tbft ^ in a 
general expression shewing any power you ipay (dease. Apd ^us 
we see by the expression 1 :<".;; AB ; A&; die index n shi^s 
that whatever power you raise f to, tjbke ]^poftfon wjjl .falwiqrg 
be the same; ttius generalizing die proposition. 
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Prop. 8. (fw^t \lf Cor. 2.) — As it U absolutely necessary the 
rea(K r shuuld be acquainted with the terms sine, tangeoty &c. the 
accoinnanyiiig diat^ram is introduced, to explain, as fafnUiailju 
possible, these terms. Draw any circle FDB, (^Fig, 1. PL A.) and 
from the centro A draw any line, as A '^C. and from B draw BC j 
t'l mci'i ADC and perpendicular to AP ; also from D draw D£ 
peipeiidicular to AB, and draw also AG perpendicular toAB, 
and (U and J)I1 perpendicular to GA, and we shall have a dia- 
gram explanatory of all the terms regarding sines, tangents, &c.m 
1)1) is an arc of the circle which measures the angle DAB; D£ 
i> the bine of that angle, CB the tangent, AB the radius, AC the 
secant, Dll the cosine, IG the cotangent, lA the ooaeeaDt, isd I 
ILB the versed sine of the angle DAB. GD is called the compli- 
iiiL'nt of tlic arc BD, and DF the suppliment to the same arc. 

Prop. 9. Qtr. 1 and 2, (poge 13,) angle of incidence and ai^k <^' 
nthdiun. — ^These are terms derived from optical principleft; which 
are foreign to mechanical }}rinciples, and, with due deference to 
h.^her authority, I would wish superseded by the terms angle 
of direction and (mgle of re^hoimd, as, in my opinion, expresiiD{( 
more mechanically their properties ; for what is tiie angle ARD 
but the angle or direction the body tak 's when it approaches' the 
line DB (Fig' 4, or GF Fig. 5, PL I.) ; and what is the angle 
DBF but the angle which the body A re-bounds with after striking 
the plane GBF, and, in my humble estimation, explaining mere 
clearly the significatir^n, thr.n the terms incidence ana r^iection. 

Prop. 9. Cor. 3. {page 1 3.)— The term immnget, perhaps, well 
expresses what is here meant ; that is, whether it faib by its own 
weight, or is impelled by any particular force on the body ; that 
is, whetlier it strikes the body by any projectile force, or meiely 
by its own g^ravity in the given direction. And by the term mag- 
nitude of tlie stroke, we are to consider the force of the stroke, 
that is, the absolute effect it has upon the body which it impinges 
or strikes against. 

Section 2. — It may be scarcely necessary here to mention what 
is meant by the motion of projectiles in free space ; but that no 
ambiguity or misconception ma^ arise in the minds of those en- 
tering on the study of mechanics, I shall here define what is un- 
derstood to be mechanically a. projectile. It 'is any body or quan- 
tity of matter in motion, however that motion is produced; whe- 
ther by the means of percussion, pressure, or any other ione ; 
whether from the force of gunpowaer, as a cannon shot ; or by a 
frtroke with a bat, as a ball ; by the effect of a spring, or oth^wise ; 
that when a body is moved from a state of rest to that of motion, 
it then becomes a projectile in the mechanical acceptation of the 
term. Also, by free space we mean any space that offers no re- 
sistance to the motion : thus, we argue upon the motion of pro- 
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jectiles theoretically, as if no resistance was offered to the motion 
of bodies ; and then \Ye come to the practice, that resistance is 
<»dcul8[ted lind allowed for, whether proceeding from the density 
of die fluiy in which tKe body moyes, such as air or water, of €roin 
Iricffoo, g^vHy, or any other force which resists the iliotiotf of the 
projectile. ' 

'JVitp.'IS. Cor. 1. {page 19.) — In order to make this corollary 
m{^»eai^'plaitt, let us suppose a body at A {Fig. 2. PL A.) felling 
by its own weight in the direction of the perpendicular line AE, 
and let as divide A£ into any number of equal parts, as B, C, D, 
S ; then the meaning of this corollary is, that if the whole time 
A£ is divided into any equal portions of time, as AB, BC, CD, 
add D£^ it will fall widi a certain velocity from A to B^ and will 
gain m Ming from B to C an increased velocity, eqiud' to the 
velbcity'4t acquired in falling from A to B, and so on. We may 
h&fe remfark, that the- divisions AB, BC, &c. are not supposed 
here ' to be equal portions of distance fallen, but equal portions 
of tiiae; for n we suppose them equal distances of space fiilleuy 
then'%r«haU find that tlie distance fkllen BC must be greater thkn 
die distance AC, for the body has acquired a certain velocity in 
passihg from A to B, and it commences the motion from B with a 
Telocity equal to that it has acquired at B, and not that with which 
it first"- set out at A ; therefore, the velocities acquired in falling 
from A to B and from B to C, in equal portions of time, vnll hi 
represented (if we call the velocity v) by V 4-2V + 3V4-4V, 
&c. at the several points, marking equal portions of time, that is^ 
ac B the vdbcity will be =: V, at C = 2V, at D= 3V, &c. 

Prq). 14. {page 19.) — That is, (referring to the last figure) if 
AB is any disianee fallen, and we divide it into any number of 
equal parts, as AB^ BC, &c. then equal portion of distance will 
be pasised over by a bodv descending from A to £ by the force of 
gravity, as the squares of the times occupied in passing over these 
equal spaces AB, BC, CD, &c. thus calling the equal distances S, 
and the time in falling from A to B z= T ; but the time is as the 
velocity^ and at B the body has acquired a certain velocity V. 
Now, as equal velocities are gained in equal times, T x V is the 
distance passed oiger by die body iir passing from A to B ; hence^ 
as T is always equal to V, at the point B, the force becomes T* ; 
but as the spaces described evidently depend upon the time and 
velocity of the motion, we shall have the spaces AB, BC, CD, &c. 
as T, T*, !», «cc. that is, as S : T :: 2S : T» :: 3S : "P, &c. 

Firop^ 15. {page 21.) — It may not be here amiss to define what 
is meant by the expression, to describe a parabola. The reader 
will very readily perceive, that if a body is projected in a direc- 
tion oblique to the horizon, its path during its flight will be a 
curve line ; for if it wW a straight one, it would for ever fly off at 
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grcatci and greater distauces from the surfiice of the earth. Bui 
the i)ower of attraction is continually drawing it out of that line; 
It, consequently, approaches the earth, or deviates from that stnit 
line every moment of its flight, and fiills ultimately to tte eaitfa 
at f^reater or less distances, according to the greater or leas fonx 
witii which it is projected. Now, this path or cuire the projectfle 
describes, is in this Prop, termed a parabola ; that is, a parabolic 
line, which curve may be thus conceived : — let a cone be cut by a 
plane parallel to one of the slanting sides, then the boundaries of 
the section will be a curve line, which is termed a parabola, or 
tlie curve itself may be thus conceived to be drawn, without the 
help of the cone. 

Lot AD (Fig. 3. PL A.) be any right line, and CD perpendi- 
cular to AB ; then if we draw any number of parallel lines to 
CD, as AF, a, 6, and if from any point £, which we may assume 
at pleasure, we make £F ^Ah or £6 zi oft, if a' curve line ii 
drawn through the points yb, that curve is called a parabola or 
parabolic line, and is the line in which projectiles move, or woold 
move, did not the projectile meet with a resistance from tiie 
atmosphere through which it passes. 

We may here observe, as it will perhaps be of use in the inves- 
tigation of the properties of projectiles, that the point £ is called 
tlie focus of the parabola, the point G the vertex, that is, where 
CG=: G£ on the line CD, also that CD is called the axis, and if 
from the point F we draw FH perpendicular to CD, FH is called 
an ordinate to the point of the curve at F, and so of any other per- 
])endiculars, from any other :point in the curve. GH is also caUed 
the abscissa to the point F, or ordinate FH, and thus every ordir 
nate has its corresponding abscissa ; and the comparison of these 
lines, or the proportion they bear to each other, determines the 
nature of the parabola, or an equation or algebraic expression is 
deduced from these lines, which expresses the nature of the curve; 
and this is what is meant by the expression (by tke conic Mectiau 
the curve AFG is a parabola^ that is, AK, AL, &c. (JFWiret 6 and 
7. PL I.) are always as, or in, a certain proportion to Kr% LG*, &c* 

Prop. 15. Cor. 1. — ^Ihe definition of the term laius rectum and 
paratneter is necessary to the understanding of this Cor. To those 
who are unacquained with the conic sections, I shall, therefore, 
give in plain terms their signification : — ^first, the latuM rectum is 
that line in a parabola which passes through the focus perpendi- 
cular to the axis, and meets the curve both ways, as o£c is the 
latus rectum to the parabola, (Fig. 3. PL A.) and is always a 
quantity equal to four times the distance of the focus £ from the 
vertex G of the curve ; and the parameter may be thus explained : 
let any other line, as FK, be drawn parallel to the axis GD, that 
line is called a diameter of the parabola ; now, the ordinates of 
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is diameter are lines drawn parallel to the tangent at the vertex or 
id of the diameter at F^ and are called ordinates to that diameter; 
id if we conceive a line dra?m parallel to the tangent, at the 
•rtez Fy and, con^uently, to any ordinate to that diameter^ and 
this line passes through the focus or point £ of the paraJx>lay 
at line is called the pioxmeter to the diameter JPK^ and it is 
ways eqnal to a third proportional to, the onlinate and abicissa 
that diameter^ or four times F£ is the paiameter to the diameter 
K, where £ is the focus, and £F always equal to AF. 
Cor. 4. Prop, 15. — Hence, the velocity at any point of the carve, 
kiich a projectile describes, may be represented by a line drawn 
>m that point to the focus of the parabola, or, more properly, by 
e time a body would be falling through the extent of this Jine, 
' Ihe force of gravity. 

I^p. 16. Cor. 3. — ^The meaning of this Cor. is that a body will 
r projected to the greatest distance which the force applied "will 
rry it, when the elevation, or the line in which it is projected, 
ikes an angle of 45 degrees, or the half of a right an^ with the 
trizOn, and that at elevations at equal distances firom the angle c^ 
* degi^, the distance the body will go, or the point it will fiUl 
I the horizontal line, will be the same: for instance, the body 
projected at an angle of 35 degrees, or of 55 degprees, being one 
' degrees less dian 45, and the other 10 degrees more than 45. 
Prop, 17. Cor, 3. — That is, the greatest elevation a projectile 
Urise to, is in proportion to the square of the times of its whde 
>tion, beforo it again h\{ to the ground. 
Prop, 19. — The bended lever is, by most authors, given as a 
nth kind, diough, in fact, it is a lever of the firs^ having the 
cmm at the point where it is bent, and the power -applied at 
e end, and the weight at the other, as we see in real practice; 
it as no lever is without some thickness, so,.as the fulcrum is at 
i underside of the bar or lever, and the power at the top, the 
e of direction in which the force acts, makes an angle with the 
e of direction joinii^ the weight and folcrum ; for, let ABCD 
V. 4. Pt, A.) be a lever or crow4>ar, and let die fulcrum be at 
me power appHiied at B, and the weight W to be raised at 
i point D or A. Now, as ibe thickness of the lever iu actual 
ictice is BC or AD, draw FB or FA; then AFB must now 
ictically be considered as the lever, which is evidently what 
10 often termed a bended lever; consequently, as. in practice 
lever is without thickness, so, according to the thickness of the 
er, the lines AF and FB will always make an angle with ead^ 
ler, and the greater as the thickness is increased ; and thus we 
! all bended levers may be reduced to the first form : and as it 
I maxim in science to reduce every thing to a. fow first prin- 
ties, so in that branch of it, on which we are treating, the less 
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compass vre can compress our principles in, the less likely we 
sh.'iU Ik.' to form incorrect notions of the subject we have undei 
investigation; for this reason, 1 would confine the species of levers 
to thrc>e only. Under the first class may be arranged those instni- 
meiits called crow-bars, handspikes, and wrencJies of different 
kinds ; likewise scissars, pinchers, &c. are double leveis of 
the first kind, where the joint is the fulcrum or support Tbe I ,^ 
oars of a boat, the rudder of a ship, the sails of a windmiUf and 
t-uttiiii^-knives fixed at one end, may be arranged as leyers (^ the 
second kind. Tongs, shears, the bones of animals, &c. may be 
cla.s$ed as levers of the Uiird kind. And though the action of a 
hammer, in drawing out a nail, is usually referred lo that of a 
lever of the fourth class, yet its effects may evidently be calculated 
by considering it as a lever of the first, from what has been said 
above. 

Prop, 23. — By way of illustration, we will here describe what 
is meant by the cnicycloid or epicycloidal curve, as il is much 
commented on in this and several of the succeeding propositions; 
and generally we are to understand by an epicydoidal curve, a 
line mechunically formed by fixing any tracer or pencil in tbe cir- 
cumference of a circle at any point, and supposing this circle to 
revolve about another circle, it (the point) will describe a curve 
which is called an epicycloid ; and as this circle (which is called 
the generating circle) may revolve either on tlie conyex or con- 
cave pcrifTery of the other circle, the epicycloid is distingoished 
into two kinds, the exterior or interior, according as it is found by 
revolving on the convex or concave circumference. Thus, let ABC 
{Fif^. 5. PL A.) be any circle, and AG any other; now, suppose 
AG to revolve round the circumference ABFC, and at any point 
A in AG a pencil or tracer afiixed, and we will suppose, only for 
illustration, that tlic circumference of AG is half tnat of ABC ; 
the point A will be found at C after it has revolved through ABC, 
and the curve A DEC will have been described by the point A, 
which is an epicycloidal curve, and is termed the exterior epicy- 
cloid, (and this is the curve which the Prop, is now considering). 
The interior epicycloid is similar in its properties, and is thus 
found ; let ACB {Fig. 6. PL A.) be any circle, and AF another 
circle, which is supposed to revolve along the concave circum- 
ference ACB; and we will here suppose that the circumference of 
AF equals a quarter of AB ; then we shall find that when AB has 
revolved to C, the point A will have arrived at C, and the curve 
ADC, formed by this revolution, will be the interior epicycloid ; 
and if it revolve again to B, another epicycloid CEB will be de- 
scribed. The circle ABC (in Fig. 5. PL A.) and the circle ACB 
(in Ffg. 6. PL Ai) is called the quiescent circle, and the circle 
AG (Fig. 5. PL A.) or AF {Fig. 6. PL A.) is called the generant 
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or generatihg circle ; the arc ABC {Fig, 5. PI, A.) or AC {Fig. 6. 
P/. A.) is called the base of Ae epicycloid. 

To avoid any misunderstanding, it may be necessary to. obeerve 
that the generating circle may be in any proportion to tb^ quies- 
cent circle; and in that case, if the curve begin at A^ it will pieet 
the quiescent circle at greater or less distances, accoiding to its 
perifRery : thus, if the circumference of the circles ^re equal, the 
curve will be continued quite round the quiescent circle, and meet 
it again at A, or it will always meet the quiescent circle at a point 
where die quiescent circumference is equal to the circumference 
of the generating circle ; this with regard to the exterior epicy- 
<doid ; but in the interior epicycloid, if the circles are eqvai, the 
point of. the generant will always be in the circumference of the 
mriesc^t circle ; and if the circumference of the generant is half 
mat of the quiescent circle, the point will trace the diameter of 
the quiescent AB {iHg, 6. PL A.) 

'There are may curious properties of the. epicycloid which are 
w6t€xf of the notice of the mechanic, and for which I shall only 
refer to 'HuttorCs Mathematical Dic^tbiMtr^, which will.amplv repay 
tiie Irooble of investigation to those who feel disposed to mvesti- 
gtte'the properties of this curious and useful curve line. 

C&r. 3. Prop. 23. Fig. 25. Plate II.— The lines BM and KR are 
the interior epicycloids, generated by by the quiescent circle 
MRBK, and the generating circle BD, as mentioned in the fere- 
going note. 

- Cor. 4. Prop, 23. — If BC he infinite, or if we suppose the radius 
of the quiescent circle to be infinite, it then becomes a right line, 
sind the revolution of the generating circle describes another curve, 
somewhat similar, in many of its properties, to the epicycloid, but 
is known by the name of||the common cycloid; and as this curve 
is of great use in mechanics, particularly in demonstrating the 
properties and nature of the pendulum, it may not be uninterest- 
ing to the mechanical readers ; we will, therefore, state a few of 
them, leaving the demonstration to the mathematical .stuflent. 
Therefore, let APCHB {Fig. 1. PI, B.) be a common cycloid, 
generated or formed by the revolution of the circle £P£ aloQg the 
line AB, any point P tracing the curve during its revolution, and 
let CGD be the position of the generating circle, whtn it has. re- 
volved through half its circumference, or when AD 7: DB : then, 
if we draw DFC a diameter perpendicular to AB^ and coa^ue 
it indefinitely from C to 1, and having drawn the chord CO, and 
parallel to which from H we draw HI, we shall have the follow- 
ing properties of the cycloid ; and we may here observe^ that the 
line FH is called an ordinate to the cycloid in the point H, and 
FC is called the abscissa to the same point H, and also th^ the 
relation the lines CF and FH bear to each other (or their proper- 
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tion to each other,) is termed the equation of the cyidoid, whidi ii 
:ui algebraic expression denoting the chief property of the cnne. 
The following are the most generally useful properties of tiie 
cycloid. 

1 . The circular arch CG is always equal the line GH, «r is 
equal the ordinate GH — the sine of the angle FCG making die 
alMcissa the radius. 

2. The semi-circumference CGD is equal the senai-base DB. 

3. The cycloidal arch CH is «qual the double of the diord 
CO. 

4. The semi-cycloidal arch CB is equal the doable of the dia- 
meter CD ; and hence the whole cycloidal ciicumference ACB, ii 
equal four times the diameter of the generating circle CD. 

5. The area of the cycloid, that is, the surfece bounded by the 
cycloidal curve ACB and the line AB, is always equal to three 
times the area of the generating circle CGD. 

6. Any line, as III, drawn parallel to the chord CG from H, is 
a tangent to the cycloid, that is, it touches it without cutting it in 
tlic point II. 

We might here enumerate many more ; but as these are a few 
of the most simple and generally applicable to the science of me- 
chanics, we shall only gire them as a specimen, referring the 
reader to books which treat on the nature and properties of curve 
lines, a list of which will be found in Hutt<m*t or Barlow*s Mathe- 
matical Dictimutry, 

P7vp, 24.— 'There seems some little explanation of a diaracter 
used in the fifth line of this Proposition. After the words, ^ there- 
fore, the velocity of P to the velocity of W," we find this maik 
t ' , also in the two following lines ; "which, though a; mark of pro- 
portion, is not, in my opinion, sufiSciently intelligifcde; we will, 
therefore, explain the passage, that no ambiguity may appear. 
The passage will then run thus : — we here supposed the velocity 
of P to have a certain velocity to that of W, therefore the <urcum- 
ference of the wheel to the circumference of the axis will be in the 
same relative proportion to each other, as the velocity of P to the 
velocity of W ; and the diameter of the wheel to the diameter of 
the axis will always be in the same proportion ; also W and P^ 
that is, the weight and the power themselves, will be in the same 
proportion as their velocities : hence, it appears that this diaiai^ 
ter (t*) in this, and also in other following Propositions, means 
literally in the same proportion. 

Prop, 35. Scholium, — ^That no misconception may arise from 
the wording of the latter part of this Scholium, we will illustrate 
it by a figure. Let A BCD {Fig. 2. PL B.) be an inclined plane, 
and CBE the angle of its elevation ; then, if from any point F a 
body be projected on the plane, in the direction FG, it will not 
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describe lihe right line FG, but will move in the line FH, which 
is the same parabolic curve it would describe in the air, if the 
velocity of the projectile in the. air is in the same proportion to 
itie velocity impressed on it on the plane, as -die.absolnie;gnvity 
of-.th^ body (that. i^ its graiptyialting'pbrpeiKKcMhriy>qs^%lD ^e 
nlatave gravity of the body on the plaave, (that i^ its gim^ty Aitt* 
ii^ a}iwg ft line parallel to the »des o£ tbe.iwdined'pftaneyVBkl 
botH ttni describ^ with the same oblibui^; that is, if we 'dsaw 
fl 'parallel to GB, and the angle IF6 is eqmd the angle tfie 
diieotion of the piojectile in the air makes with the homon ; and 
tbe s^Dse may bci said if the body is projected npwands oh the 
inclined j^ne, it will describe a paraboLsi und^ the same eircma- 
sUnoes. .- ' We may here note, that if the bodr is projected in llie 
direqlijw IF,, that is^ patrallel to the sides of the inclined plane^ it 
wiM; then describe a straight Ime, in the same manner that a pA'o> 
jecfcje impelled on a horizontal snr&ce will ; and the distances to 
yrbifih tk»f will go> will be still in proportion to the absolute and 
relative gravity of the bodies. * 

, Prop, 39.— rAs a proper nnderstanding of terms often prevents 
misconception, as well as renders clear and intelligible ii^t 
woold otherwise seem obscure, it may be .necessaty>tb explain 
the. meaning of the term suMupBaUe ratiOf in the second line of 
this Prop., which may be simply^ thus shewn to be the ratio of the 
square : for if two quantities, A and B, be in proportion to each 
oUier^ we say that the quantities A' and B* are in a sub*duplicate 
ratio to eadi other. Again, in line 7, page 46 of the samePfop. 
the words, *' whence by composition," leqinres a fiuniiiar explana^ 
tioD, wlndi may be thus explained : let there be four quantities, 
ABCD, in proportion to each other, that isy let A : B :: C ; D, 
then, if B is ^dded to A, and X> to C, wie shall* have the quan* 
titles A, A 4- B, C and C + I^ ; also in proportion for A : A -|- 
B : : C : C + D; and thus we say the quanuues A, B, C, D, are 
byt^mpositioii in proportion to each other. 

Prap^ 39. Car. 3'.-*-It may not be here amiss to explain die 
terms reciprocal and redprocalfy proportional. Thus, the recipro- 

cal of any quantity is unity divided by that quantity ; thus -t- is 

the reciprocal of die quantity denoted by A, and by reciprocal 

proportion we are to understaiid, that if we have any proportion, 

as, for instance, A : B tt C : D, we say diat the quantities are 

. \. 1 . 1 ' 

reciprocally proportional when A T B • Itt • ^ * 

Prep, 40.' Cor, 3. — ^It is scarcely necessary to remind the reader 
that the line VH is in this corollary supposed to be perfectly flex<- 
ible, and that as the bob or ball of the pendulum vibrates along 
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the arch A, II, D, a, the line VH wraps itself round the cheeks 
AUV and Vm ; but I take this opportunity of adverting to a 
term in frequent use in mechanical authors, when speaking of the 
nature of ditferent curves, and which, in this instance, is somewhat 
curious, with regard to the nature of the pendulum -vibrating be- 
tween two ( ycloidal cheeks, that is, the curve AKDa is still the 
arc of a cycloid, and, therefore, describes large or small arches in 
eijual times. Tlic term I allude to is that when describing i 
curve line, formed by the unwrapping of a line laid on anodier 
curve ; the end of the line so unwrapped describes another curve, 
which is called the evolute of the curve by which it is generated. 
Thus, a line wound round a circle ; by being unwrapped, its end 
will describe another curve of a different nature to the circle; and 
thus of other curves : but, in this instance, the evolute curve being 
a cycloid, if we construct a pendulum, so that in its vibrations it 
iiludl ])lay between two cycloid al cheeks, we shall have a pendu- 
lum possessing the property of vibrating in large or small arcs, 
in equal times, and this has been in practice tried ; but, from die 
dilTicuUy in making the cheeks of a true cycloidal form, has not 
iimdi been used, though, in our improved state of operative me- 
chanics, I cannot but tliink it of no very difficult attainment^ and 
\v hicli I would recommend to the consideration of the mechanic, 
us being much calculated to improve the construction of our time 
keepers. 

Prop. 41. Cor. 1. — ^The term isoaromd is applied to the motion 
of (pendulous bodies, when their vibrations are performed in equal 
times, whether the arcs they describe or move through are great 
or small ; that is, if a pendulum of a given length performs a 
curtain number of vibrations in a certain time, and if the arc it 
describes is augmented or diminished in extent, it still performs 
the same number of vibrations in the same time ; these vibrations 
are called isocronal. 

Prop. 41 . Cor. 4. Radius of Curvature. — ^As a circle is a curve 
which is described by the revolution of a line about a point, 
called its centre, it is equally bent from a straight direction all 
round its circumference, and the line drawn from its centre is the 
radius of curvature : so all other curves, as the inflection or bend- 
ing, varies in every point of its circumference, and the bending 
of every point must correspond to the bend of some circle ; and 
hence the radius of this circle, that corresponds to the point of 
the curve, is called the radius of curvature to that point of the 
curve. 

Prop. 41. Scholium. — ^As regards the regulating the vibration of 
a pendulum in a clock, the supposition here made, of screwing 
the bob or weight attached to the pendulum rod up or down, 
according to the theorem given, is under the idea that the weight 
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derable in comparison to tiie rod ; for, if te wKkh t il 
f wood, as is the case in (Rune eommon' docks ; or cv ^fain 
s is also often tbe easel or, in comptiisatioB.pendQliiHi% 
he rod is made \rith bare of diffmit aseids of coaw- 
wight, in comparison to die bob of dte pendnhuoii ; tiwn 
oiem will not hold good, bat is meant' otdj to appljr to 
« where the weight of the pendukun rod is tnfliag in OOA- 
tothat of the weight or bob attached tD it :: : / 
. 43. — By the term ^ an inflexible right hne/*' is hut 
til imaginary line, that poatsesses tlie property of resistiiig 
irt or force to bend it, which^ though noCpnCtically^ line 
y|i actual existence, still is necessary in toe demonsfinlidn 
wad all problems relating, to mechanics ; for diough aU 
mS^ bend or break by a force applied to thenvycit it is 
rjTy in the iuTestigation of tbe properties of die miediaiiical 
I to suppose all levers possessed of this property of reinsl- 
•tifort to bend them^ in . order that all the Inoe may be 
' to the body acted on, though^ in actual ; pnotioe^ ^wp^- 
1st be made for the elasticity of all bodio^ or'tfae strei^i|ft 
■terial of which they are composed. lliuSy it would be in 
us to attempt to move a body^ by the hdp of a leter 
ed of thin wire, whose weight is such m would cause die 
bend; before it had any effect on the body : and in actual 
f we must adapt the strength of the lever to the weifffat of 
jT to be moTed, though, in calculating die power of it to 
le any obstacle, we are at liberty to suppose a line pos- 
li infinite strength to resist bending or breakiiig with any 
eried. Thus, in mechanics, we must suppose all bodies to 
Based of infbiite resistance and perfect 'elasticity^ as wdl 
ct solidity and perfect fluidi^, when we demonstrate the 
i^ of bodies, or are invesidgating the dieoiy of machines, 
Mrwards allow, in actual practice, fpr the deviations ob- 
B nature from these properties, ascertained by actoal^tx* 
t For, as in geometry, a right line is defined to be leaffth 
bieadth, so, in mechanics, a lever is defined to be iiuoe 
r inflexible, though neidier exist but in die imaginatiom ' 
44. Car. 6. — Tl^ term, a givea giumHtiff (in the ii^rth 
Ifais Cor.) may, perhaps^, need some illustration; at any 
9 curious property allud^ to,' of the centre of gravity tif a 
of ;bodies, merits'our particular attrition. Imdl, theNK 
e first explain what is meant by a jsnen fttailify^ lest the 
Buced reader should imagine, that, in oi^ systefai of bb- 
I quantity here alluded to should J^ thox^;ht to' mean a 
mmericad undeviating sum,.let the 'Bodies Im of'itty kimg- 
nr any bow situated. I will, therefore, a w kw r o ur, bfWi 
I diagram, to shew what ui, in' the language of ma l hema- 
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tics, meant by a given quantity. Let ABC {Fig, 3. PL B.) be a 
st-ini-circie, ADC tlie diameter; now, if AC i« diviiled in any 
fH>iiit, as Vf and DB drawn peqiendicular to AC^ and if we hare 
tlie distances AD and DC of a given magnitude^ the perpei^ 
oil la r DB is said to be a given quantity, as it is always a mein 
proportional to AD and DC, let the point D be any where nta- 
ateu on the diameter AC ; hence, if we make this proportioi u 
AD : UD : : BD : DC ; and, as the product of the two middle 
terms is always equal to the product of the two extreme tsniiy 
we have BD x B D = AD X DC, or BD« = AD X DC, or 

BD = ^Z AD X DC, that is, BD is always equal to the squiie 
root of the product of AD and DC ; that is, BD will always be a 
quantity which is known or deduciUe from the quantities AD 
and DC; thus, in this Cor. the several distances of the bodiei 
from the centre of gravity are known quantities, and the diameter 
of the circle is any known distance ; the distances of the finei 
drawn from a point in the circumference of that circle to die 
scvoml bodies, is said to be a given gtumtity, because it ii dedn- 
cible from these lines, (that is, their seveial distances from the 
oc litre of gravity,) and this is always the case, let the point taken 
be any where in the circumference of the circle drawn about the 
C'Miire of gravity. 

Prop. 40. — ^lliis Prop, does not seem sufficiently intelligible, at 
leiist not sufficiently clear, in the passage where it says, '^ Where 
any product laying the contrary way from R must be taken na- 
tive ; * now, in adding algebraic quantities, we must take the sum 
of t lie difference of those quantities affected by the difierent signs 
minus and plus for the sum, that is, you subtract the stim of all 
the minusses from the sum of all the plusses for the whole sum of 
the quantities, or the contrary. Thus, in thb Prop, die plane 
which is sunposed to be acted on by the bodies ABCH^E, extends 
only from N to R, and as the body situated at £, is beyond the 
extent of the plane RN, the plane veill not be affected by (he body 
at £ ; therefore, the bodies A and D are more than equal to 
maintain the equilibri\im of the bodies B and C by a quantity £; 
and, therefore, to maintain the equilibrium, the body or quantity 
£ must be taken from that of the sum of A and D : thus, as the 
Prop, states A-}-D:=:B + C-|-£; butasEhasno effect on 
the plane, NR, acting in a perpendicular direction to it, we mtist, 
to make A -|- D zz B -|- C, take the quantity E from it; then we 
have A + D— E == B -f C ; or if the distances oR, 6R, cR,dR, 
and cR, are multiplied into A, B, C, D, and E, we shall have 
aR X A + dR X D=6Rx B + cR x C — eRx E,or,^^iich 

is the same thing, :^ — — 6R x B + cR x C. 

6£v X 1^ 
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Jliis is, therefore, the meaning of the eR bting taken negative, 
(because its force upon NR is of no effect when £ acts perpendicu- 
larly to NR) ; and, consequently, to preserve the equuibrium, the 
Ibfce express^ by aRx A4-<2RxJ) must be. divided by the foxce 
jsraressed. by ^R x £ to maintain the equilibcium. 

iSectum 6. frop. 56. — As this Prop, seems involved in some 
(oibiciirity^ we will endeavour to give some illustration of it that 
**ntt enable us to comprehend its true meaning. And, in order to 
wliich, it will be, perhaps, necessary to go through the whole 
Proposition^ making our remarks as we proceed : and, first, we 
will state the Prop., as we conceive, in as intelligent a manner 
as Uie subject admits of. The Proposition^ therefore^ amounts to 
this, that if any number of bodies {or a system of bodies) revolve 
about a common centre, which, if we here consider as an axis, is as 
the axis of a whe^l ; and if in their revolution (caused by any 
Ibice applied) they are made to revolve through a certain portion 
of the circuni^rence they describe, in a given time, if we apply 
apother ^rce in a perpendicular direction tolhe axis, this kst 
force will produce a motion in the ^stem, which, if we call the 
original force f, .and the force afterwards applied we call »i, the 
whole motion of pie system vnll now, in the 9iBane time, be repre- 

^ted by the expression AySA-f BxSB+CxSC xsP-fm; 

' ^ AxSA»H.BxSB>'+Cx3C« ' 

but^ by the concluding expressions in the demonstration, the 

Whole motion seems to be equal to AxSA+BxSB+CxSC ^ ^ 

Now, it seems to thdse not well conversant in algebraic operations 
^t Uiere is a diffii:tilty in, or rather an omission, in the author ; 
i& hot shewing that these two expressions are equal to each other ; 
for it is evident, this iast is legitimately ptoduoed fitom the theoiy of 
medianics : and as it does not seem to correspond with the original 
expression in the Pfop. itself we will endeavoor to supply what 
certainly vms only (Knitted under Ihe considatfation that- it was 
fiot necessary to dibse conversant with algebraic expressions; but, 
in all elementary treatises, it< is- lieees«axy that^ «t least,^ no am- 
biguity should appear. - *I will here tihew that if the reader atten- 
tively observes the preamble of the-denonstration, he wiU find 
there two expressioiis- perfectly identical, and of co<frse= the Prop, 
is correct Thus w^ mid that we are dei^ved to put tha'sum of the 

AxSA« BxSB* GxSG « ^■'"'^'''-\-,ii 
expressions — ^ — x—gp— X -gp-~:S; therefore the last 

AxAS4-BxBS+Cx€S \ 



expression above used will be AxAS»-t-BxBS*-fCxCS« -t- w, 

SP 
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„,,ore Ax_Ag+BxBSHCxCS y^^^^^ 

is known, that to divide any quantity byafraolMta^'nLtfM'MibM 

multiplying it by tlmt fraction "vvhose trammf or . ijiidr^ftE' 

.ire i-L'versed ; tlierefore (as every whole number may lie p^ 

as an improper fraction whose denominator is unity ~6r 1^^ 

shall have to multiply the fraction and 

SP ' ''^ * ' ■ ' "' 
.-..-.—. 1 — TTr. which is evidently the siMU 

AxAS+BxBS+CxCS . .' ■ ' ' ^1, w' 

AX AS^+BX HS^TC^TS^''^* ' ""^ '^^"^ ^««-'"Him«^;M 

. ., . . I AxAS+ByBS:^je€|(^ 

///, we have the original expression — — ■ ■ _ •, 

xSPx/'/y equal or identical to the expression abby^ 'sffi^ 
AxAS+BxBS+CxSC ^ . . ■ -.. . ^v -Ui 



Xm. Before we leave" 'diiflj^&jfi 

necessary to explain what is meant by angolar'niotfalbfltfr 4^' 
angular motion of a system of bodies : thus; iti aitjr^Ky^ilijntP 
i)odies, if any one of &e bodies composing dtat sywi&di Mlft^lif ■ 
its revolution, described any arc of a circle in a grvoi liitfB^' w^ 
measure of that arc, or the angle, the lines drawn frotf- Wnftyntf- 
to tht; centre of the system during any portion of its Mvdlnfea^ 
in a (^ven time, is the angular motion of that body; And If^Ad 
whole system describes the same arc in the given Vfaie^^'^ 
angular motion of the system is the same as the angidartMrilytl^ 
of any body composing a part of the system ; and the %telllfll& 
motion in the system is measured by the angular motion 'f'-^vay^if' 
a system pass over a portion of its drcumferenee eq«it'4a^l5- 
degrees in one hour, we say the angular motion is at tiMiC'^Mt^; 
iind that is the absolute motion of the system, without! 4N»aiid^ii< 
the actual space passed over by each body composing thesyiiliiii? 
but if we consider the absolute motion, as mearaied' {»)*' lbs- 
actual space passed over, in feet, miles, &c. we •imatiltti09H 
the angular motion, and also the -radius of the circle the body^de^ 
scribes, and thence calculate the length of the arc itself, ia*imlMf ' 
feet, &c. for the absolute motion of the body in space s tbtti^j^ 
in a system, the bodies which compose it are situated at diAneikl^ 
distances from the centre of the system, these bodies may badMSlBii?' 
the same 'angular motion ; but these absolute motions is' s^ieii'- 
vnll vary as they are at greater or less distances from the ofittfrt" 
of the system. • t :..{b 

Cor. 1. Prop. 56. — ^In this Corollary a supposition is made that? 



■ ■:■ c. 
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tbe biDditi «k all ntaated at O, that is, all at the same diitanoe 
fip0B ikit eoatre : aow, we have seen, in the foragCHiig Prop^ that, 
Uft iIm bodies be anj bow situated^ die motion generated will be 

M^'^f^!?'^^^^ XSPxm; but as we now sabsdtute 

SO in tbe ^aces of SA, SB, SC, we shall hare this 

ftom die motion generated, viz..A2i^±^^S^+5^ 

^ ' AxSO«+BxSO«-f. 

^ • ^;^ X S P X ni; and as the expression is equal to the for- 

6r» 11 K„ f J 1 . Ax SA»+BxSB«+C xSC» 

Mr. SO wJl be found equal to-^^-g^^^^g-^g^^—-. 

wbidi sbews, that the absolute motion, or angular motion, will bet 
still te same, whether we suppose the bodies to be all situated 
at Cfat same or equal distances trom the centre of the system, or at 
diiftmit distances, as we do not here take into account the wei|^t 
of the bodies : but their angular velocities will be different, that is, 
iha Woclties with which the bodies describe or move through any 
eitca arc or part of the circumference will be different; ror if a 
bocl^ describes a given arc, in a given time, at a certain distance 
from te centre, it is plain, that, to move through an equal arc at 
twioa die distance from the centre, ia the same time, it must move 
with a greater velocity, and the contrary ; as it will have to move 
thvoiigb a greater or less space according to the radius of the cir- 
cle msf describe in the same time, therefore must move with 
greater or less velocity, though the angular motion is the same. 

IVtjK 57. CeiUre /^Percussion, — In order to well understand 
wbat is meant by the centre of percussion, to enable us to apply 
it in the construction of machines, we will endeavour to describe 
it in a familiar manner. Thus, in striking any body with a bar or 
lever, we know by experience, that if the blow is given at oi^ near 
the eatrunity of the lever, it will jar or attempt to fly out of your 
hand ; which, if suffered to do, the end you hold in your hand will 
stnha the ground : on the contrary, if the blow is given with that 
part of the lever near the hand it will also jar, but in a coutrary 
dindion; that is, the end held in the hand will attempt to. fly 
upwards : now, there evidently must be a point between these 
twoy where, if a stroke is given, the full effect of the blow will be 
sensible, and the lever will not attempt, after the stroke, to fly 
upwards or downwards, but will remain at rest, without jarring 
tbe hand : and this point in the leveri or bar, is, in mechanics, 
called the centre of percussion, or the point in the striking body, 
wfan% if it strikes another, the effect will be the most powerfial ; 
and as the centre of gravity of a body is a point on wliicfa, if sus- 
pended^ the body would be in equlibrio, so tbe caotre of per- 
cussion is a point in which the whole momentum of the moving 

u 
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hody 19 placed to produce the greatest effect, or the force of per- 
cussion commuoicated to the whole bob^ is cen^ted, &nd, con- 
sequently, balance each other when the stroke is giv^. 

I'rop. 57, Cor. 7. Locus j--^ As this term is iii lrie(|U€nit iUe m 
mathematical and mechanical speculations^ as wielt in tb«W9 ^ in 
practice, we would define it to be that line, whether straig^ or 
curved, whidi is produced by the motion of another line, or o^ 
lin(!S, which always move either in a known proportion to each 
other, or in a constant ratio alx)ut one or more points, or aloittone 
or more lines, whose positions are given. Thus, the locus of any 
given line, revolving about a fixed point, as a centre, will be a 
circle ; but if the line, instead of revolving about a point, alwajs 
moves parallel to itself, at any angle, along another straight line, 
it will describe another straight line ; and this line is ealled the 
locus of the other, and of the line. Again, if two lines revolve 
about two centres, crossing each other, and if the sum of die dis- 
tances, from the point of intersection to the two centres, is always 
a given quantity, the locus (or place) of the point of intersection 
will be an elipse : for die property of that curve is, that if firtM 
any point in the circumference we draw two lines to th6 two 
centres (or foci), the sum of these lines is always a constant qlian- 
tity ; and, tlierefore, (in the Cor.) the line OT will be the place in 
which the centre of percussion will always be found, as the 
bodies, or the system of bodies, ABC oscillate round S as a 
centre; the meaning of which is, that let the line CXT be of what 
length it may, if its end T strike an object, it is the same thing as 
if the point O struck it. 

Prop. 58. Centre of Oscillation. — In order that no misconcep- 
tion may aiise from the definition given of this point, which is, 
that i/' (ill the particles o/* the body toere concentra t ed in a tertam 
part qCa vibrating or oscillating body, it wotdd vibrate or osdUate m 
the same time as the whole body, let us suppose that a pendulum is 
devoid of weight, except at the point, which, if it had wraght, 
would be its centre of gravity; in this case, the centre of gravity 
would be the centre of oscillation : but, as every body has weight, 
even the smallest wire which might compose die pendulum^ tUs 
point, viz. the centre of oscillation, must be different to the point 
where the centre of gravity of the wire, or bar, composing ^e 
pendulum, is situated. Thus, if we suppose a bar of a certain 
length, of equal size throughout, and a weight suspended by a vety 
fine thread, which, for the sake of illustration, we will suppose of 
no sensible weight, to which is attached at its end a weignt equal 
in weight to the bar ; and if both pendulums were of tiie same 
length, they would vibrate not in equal times, as the absolute 
weight of the one was dispersed throughout its whole length, 
and the other was concentrated in one point ; so there must 
be a point in the former, in which, if we suppose its whole 
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ranlfetyed^ will hiake it vibrate in &^ saAie tiine as the 
nd UU3 point U called the centre rf 69d^Mdn ; for #Iieh 
"^a jpeAfnltiiiii b very Jieauyy in r^peet of die ptoduTiim- 
jQfe centre of oscillktion corresponds iteorly to Uie centre 
of the boby or ball, at the end of tbe penduliiiii-tba ; 
fyft say a pendulum is of a ceirtaih lengm, to TibiftCe in 
It ^tiUi6 : we take for the length of the pendulilhiy the 
trthe ceittrg of oscillation from tha centre of suspension ; 
1^ Jf A^ pendulum is composed of a bar, or even ah 
" figofe-, if we can find its centre of ottcill&tion> and 
i^m that point to the centre of suspension, we ican cat-' 
kfiumber of vibrations it Will maike in a ^^n timie. 
^, Centre of Gyration. — This pdnt iik a body, or systeih 
^ U somewhat analogous to the centre of oscillation, attd 
TO in this respect, that this point is that in which dmf 
[jfied will produce a certain effect, but that it is applied 
u£r point; whelreas, in the latter case^ the motion of (he 
brc|auced by the action of gravity on all the partides of 
f r^ns, in the centre of gyration, the body is pat ih 
rj some other force acting only in one poibt ; and if this 
fnch as to produce the sarnie e£fect, with regard to the 
vjslocity of the system, as if the Whole i^stem Were col- 
&at point, this point is called the centre of g^ratioii. 
6T. CW. 1. — Tendon is a term nsed in mbcbaniies to 
hat state of a cord, Or strings when any force is applied 
Ofde^ to stretch it beyond its ttataral length, and mnst 
>nfoQnded with the actual strength of the coid. Sec. to 
^ven force. 

66. SckoUwn* — ^In older to make this scholium perfoctly 
le, as well as to illustrate the term redprocMf m^ we 
eavour to femiliarize the expression, where it says, that 
It, or force, a|-any place, will be, to preserve tba eqoili- 
dprocally, as AG' : now, the meaning of this i% that sop- 
ny number of points in a flexible luse, and a wdlljnt 
d from eadi point, these weights must, in order to balance 
^r, have a given proportion ; which proportion is cfi:- 
by tl^e square of the sine of the angle the waght or 
»m which it is suspended makes, with a lihe d|Mt#h 
centre of the two points of suspetisiony and eithlfir i&ouit 
jmbn. And as the sine increases as ttds angle incr&e&, 
n|^t must diminiih in the same proportion : ibnd this Is 
) jedprocally as the sine of the angle, or as a6* t atid, in 
aer^ as ihe secant of the angle debteases as the angle is 
4i so the wei^t diminishes iti a certain ratio, viz. a& 0ie 
he arc BA, that is, in direct proportion to thfe sebldt; bt 
)cal proportion as the sine ofthe arc, that is, id one case, 
ihe secant the less the weight; and this is ditect pro- 
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pDitioii : ftnd, in the other, the kis ibe iM, ibe BrtkferVb WUt) 
Btid UiM it reciprocal proportkni. "' laniWib « l* 

I'n.p. 69. Cor. S.^TIiat is, luppodHg two blAAj' af MfW 
Iciigtha, lur inntance, 19 fe«l and 6 feet, and tt tite eM^-fltfWe 
of livclve feet a weight iiiuipended of 50pmBd»ir''^rtt;''tV'tt 
boatntare in Isnj^h, to each olher, a> IS »toS^ ^^twiifii 
tu 1, then iha weiRhts must be in rtcipfoeal" p fjp 6 rttfl£j» 
Ihi-se Iciigllia; tlientare a weight of 100 pouiid* hoicWw 
axtreraity of ihe beam of 6 feet will (train that «i-iitt£)r'''li'i 
wi'i<;ht of 50 pounds huag at the EStremity of the beaU^tfTTCittt 

/Vtip. 73. Cor. 1- — In our obKrvation on ("rop. 15'. Wh^ 
explained the nature and conitruction of the panbola; ihal is,tnt 
parabolic curve, a* found by the section of a t^iyat ; and 'Wed^ 
ICC tliatthere iialnaysa certain relation belneen the att$riste^ 
ordinate, and whicli relation, in die language of (ilgdbi^:-^%§ 
jircwKd Yij px^i/'; that is, if we callp a constant givetr dS^^ 
J the absciasa and y the ordinate, to atiy point in ^e cWiGjOT 
oKprestion denotes that the curve is the common paraTiiil^^lm^i, 
if we hjve a cune yiven, if we mechanical !y nieasui*'We S& 
itiasa and ordinate corresponding to any mimber of tioittS.JiW 
may, by comparing the relation which the abscissa and'oM^le 
bear to each other, find the specie of curtes lo which' it WSlimJ' 
and if we find the abscissa »aiy as the square of Hie' biiRepl^ 
we pronounce it a parabola; but if we find the ^ibscissa'varj^u 
the cube of the ordinate Instead of the iqnare, it is called i'lfubflf' 
parabola, that ii, if p be a given constant <iuanlity, the eqijalttK 
or algebraic expression sj^y> denotes it to be a cubic bftr^^wL 

I'nip. 73. Cor. 3.— But if the nature of llie curve is5bu'ita> 
be sucn that the square of the abscissa always varies as A'e aI^ 
of thf urdioaie, the curve is said to be a semi-cubic, (ffliiHdtB]' 
ihus, if^ rqiresent a given constant quantilj, and if ;Kr'=;V,'^ 
curve ii a semi-cubic parabola. . ,i . , Qj" 

Fnip. T3. Cur. 3.— The alge braic ex preasioo deiultin|^' ^^ 

curve to be an elipse ii yr: "' ^ '^~~*'' when y np uMt ikt *» 

ordinati!, a the abvcissa, c the conji^ate or shortnt dianvtftti.-afiA 
/ ilif trdUbverse, or longest diameter of the elipiA; thWqav 
ill words, the square of any ordmate is alwaya e<|ual -ta::d*- 
sqiiure of the conjugate diameter multiplied by the nemigla'iff 
the two abecissas, and (he product divided by the aquan m'ift 
Ijausverse diameter ; hence, in the elipse, we have alwayKiliB- 
liillawiug proportion, — as the square of the transverse, orltnigest 
diameter, is to the square of the conjugate, or shortest dlamMsr^ 
so 1^ the rectangle of the two abscissas, (that it, the two parti ths 
truiisvene diameter are divided into bythe point where the Ordinde 
uiucta it,) to the square of the ordinate. 



; cnrratttt* ifc. ^>ww »n' nt% jmdM 
^aS^HlifiSm^ilfsm^y, O* migfct otlhaliNiD, 
1^ ifly S<^ ^"•'teBd .fton the homnUl fMiUMil 
a)i,jfei«ai{i,iqj ^ ihaqiufltiirof daflccllaaicwk- 
I Mtseodkulsu liiw diawn &oin aaf poist Ukitha 
Wmcwttl boe AB or AC, Figiut$ T and 8. Fl. KL 
pq^_.3.^ — Ibe curvBhira of m beam, ohiiil^ hfitt 
^„.I^P.-^W) ^ luMriiontal line, it said to be giveb, toa wi e 
e^en (in Prop. GG. Cor. 5.) that if leTeral Mams art oob- 
logcther, and suspended fhnn two poinU, the poaitoM Of 
ulai points ivhere they meet are always to be nwid hf the 
i^'i given, and are, tbtiief<i»«, itiTanably al^i in. the 
i^^ipujai beaniR so coimected ; now i^ inflead of a iir'^'"~ 



^'^e ilivide one beam into a oumba of eqoal pant, we 
i^lbese pirts separatt beam* ; and the action of gian^ o« 
n^c^ paru «1U cause it to bend, ot deflect, bom tbp hni- 



'^- £bS as these bendiagt, or deflectioiis mT an; part, a 
^posf^oo, be calculated, we can always find ueir poai- 
ft^ if the paits oie supposed to be infinite, ttMy-wiU 
^, f ontinue'' curve line. 

:,,'1£^, line 21.— In rffeience to f%;. 14. Pkte XI. the 
mil! perceive Ibat the figure is wrongly represented, (at it 
^f)t be drawD, 05 it is there, with the aides. eoD*a^ bat 
^if'Ptaie B, nidi the sides couceve towaida the axis; 
aVitoi, is corcected in the latter editicms of this wofb, aa 
[iQticed in. the 8*o. edition of Emenon's Siemtnu <if 

, Sae 3. Jn>m the boltont, — lagiriilimic tmc.— in 
.re some idea of this curve, and its method of cen- 
^'ABCDE (,Fig. 5. Fldte B,) be any indefinite right 
t:E^',it be divided into anj number of equal, parts, 
Sendlculars be drawn from all the points ABC, Ice. 
il lengths AF, BG, CH, DI, and EK, be a series of 
( ptopbrtions, that is, if AF= 2, BG= 4, CH = 8, Sic. 
(siKMaahsciaga, and BG its correspoodins otdioale, and 
le rest : thus the abscissas are the logarithms of the cor- 
tth^wrdinaieB ; for the abscissas areaserieaxif aritluMical 
ibnab, while the ordinates are a series of go o m el r ical pro- 
al^ Dtidi ate the properties of togaiiihma^ hence, dte name 
CMMs passing through the points FGfl, he. is cdled the 
laMk cnrre, or logistic cune: and heie it may not be 
StaplaiB irhat is meant bj the term au^^HplM* to a rwrvt, 
lar strait hoe which, if iofinHsly continued, apprnoEhea 
aiil nearer the carve, but would ne*ei meet it: thos, in 
itt»> If BA is produecd beyond A, atMithe^ttrteGF is 
li, It wilt conuaually oppioadi AE. But M-» series of 



2B4 



APPENDIX. 



iiumbi'n, iu geometrical propoitioo, may be ^Qntiinially de- 
cTuiising without ever becoming equal, to O ; so 1S^ .fffdinates of 
the curve may continually decrease without ever coinoi^^iig with 
the uxis of the curve : hence, in the logahthmetic GijMrv% t)ie:vis 
A£ is an assymptote to the curve. 

Pntp. 81 . C<tr. 1 . — We here see the reason why, m taluiy the 
level for tlie construction of a canal, or other purposes^ aB'the 
conveying of water from one place to another in pipes^ an aUov- 
uuce must always be made for the curvature of the earth's 8«|ii^; 
for, us the earth is a sphere, or nearly so, and the gr%vi|aliK 
force situated at, or nearly in, its centre, the surfiice of Wf^sai 
on it will take the form of the curvature of the earth's teifioe^ 
and not that of a tangent to it : for let ABC (^Fig. 6. PL B)..bea 
portion of the earth's surface, and it is required to OQi|ij|raGt 
a canul from the points B to C ; now, if we take the optiq|]^ or 
apparent level, it will be in the direction BD a tang^t; |i> tfae 
earth's surface ; but as its gravity will draw the water in t^ cpire 
BC, we must make an allowance of such a nature, tha^ ](iiowui^ 
the distance BC, we may make a proper allowance for t]|e 4#vi- 
ation of C from D, as tlie arc BC is tne true level requuredr VoA 
not BD| which would be Uie level as taken with a<iy instrumeBt 
for levelling. Tables have, accordingly, been fialan^fffd t^ agke 
this allowance ; of v/hich the following will not, perha,ps, be miac- 
ceptable ; and here the distances are such as are meesiued gn the 
uiirth's surface. 



Distance 


A 11 


Distance 


AUowimoe 


Measured 


Allowance 

• T I 


measured 


in Feet 


in Yards. 


in Indies. 

1 


in Miles. 


andlnchss. 


J 00 


0.026 


.. 


0. Oi 


: 200 


0.103 


) 


0. 2 


: 300 


0.231 


J 


0. 4^ 


', 400 


0.411 


1 


0. 8 


1 500 


0.643 


2 


2. 8 


600 


0.925 


3 


6. 


700 


1.260 


4 


10. 7 


800 


1.645 


5 


16. 7 


900 


2.081 


6 


23.11 


1000 


2.570 


7 


32. 6 


1100 


3.110 


8 


42. 6 


1200 


3.701 


9 


53. 9 


1300 


4.344 ' 


10 


66. 4 


1400 


5.038 


11 


80. 3 


1500 


5.784 i 


12 


95. 7 


1600 


6.580 j 


13 


112. 2 


i 1700 


7.425 


14 


130. 1 
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This table will be found useful to the engmeer and snuwefw, 
in ilfi^iiistaiiees : thus, 1. To find the height of die afparenl 
lefM li(be^ thfe tree. % To find from the distancft giTen of a 
WjpAai(^^ 0^ Wiervonv from any hoiise, the height the water will 
raise to a cistern in the given place, and many others; for which 
ate Hattbh ^d Barlow's Mathematical Diakmmriet. 

iPMytr03. Case 3. Cor. 1. Page 109.^In order to illostrate this 
Giftoi^;^^4br on it depends a weU known, though seemingly 
cuW i iUffi gtory property of fluids, as considered with respect to me- 
dUMitel prmciples, and, hence, denominated the k^droetatic 
pufkAie^ tie. that it is possible to make any quantity of fluid, 
MC^j^r Bmall, balance a weight, or quantity of fluid however 
laige^^— wj will endeavour to explain the principle, as well as the 
pm^m itself, known under the title of ^ hytkvUaHc paradox 
aind 4vltteh is usually illustrated by viiiat is called the hjfdrostaiie 
Mld^ iBtotioned in this work ; and on this principle, the faydro- 
sGitfe press, now generally known, is constructed, and whidi, 
fiil flls^ in fact, a new mechanical power, or a povrer bat latdy 
applied to any useful purpose, a description of the machine, in 
iOf ndbsl simple form, may be acceptable to our readers : «nd» 
fta^- iis-respects the hydrostatic bellows, (which the reader will 
€ «W fa6 >me feor again repeating,) let AB, CD (1%. 1. PL C) be 
two boards joined togemer in the manner of a pair of beUows, 
but having no valves: in any part of AB, the upper board, let 
there be a small pipe, as £F, inserted : now, these boards will, in 
their natural state, rest on each other, and if we pour any flmd, 
as virater, info the tube at £, it will, of course, raise the board 
AB, and fill die space inchided between AB and CD : now, if 
weights, as shewn at 6, be placed on AB, they will, of course, 
force the vrater up in the tube DF: and, supposing the v^ater 
included between ABCD to weigh one hunored weight, it is 
natural to suppose that if the weight laid on AB excc^ed one 
hundred weignt, the whole of the water would be expelled, and, 
of course, rai^e in the tube £F, which, if long enough, would 
contain the whole of it; or, if not, it would run out at the end £; 
and so it ought to do upon principles purely mechanical. But if 
we advert to the simple principle, that fluids press equally, in all 
directions, which experiment fiillv justifies, and also that a fluid 
poured into a tube, Mut into any form, vnll raise itself in each leg 
of the bent tube to equal heights, or that it will always find its 
level, therefore the weight on AB may be considered as the 
wei|^t of a quantity of water equal to one hunchred weight ; and 
if a tube, as AB, (Fig. 2. PI. C.) be joined to another, as CD, 
of a diameter equal to that of £F, (JS^. 1. PL C) the vrater in 
the two tubes wm be at equal altitudes ; or a hundred weight of 
water in AB will balance an ounce, or less, in CD, according to 
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the dinmctin' of CD; to, in like nnttMHer/'li iRUidiedftMsigirt, in 
AR, (f^^. 1. PLC) will balance anr ouflM^ or^tttsf^arf^iiii in 
KF, iiccording to its diameter, fiow, it is 'ptaiiSy 'ihtfe. BS^maer 
always finds its level, if we suppose the tab* CD^ofj tuM^ a 
diameter that six inches in length will tiuCaiii onfe jnSaAmi 
weighty we see that the six inches in CD exactly bBhaiic^'ihi(|ix 
inches in AB. In like manner, if the diameter of tbcf croMder, 
formed by the lioards ABCD, (in JPi^. 1. P/. C) it ra^^ilo 
contain one hundred weight of water in 8ix inches of 'heAgfa^ baA 
the diameter of the tube or pipe £F is such'tiiat six vhtbteftin 
length shall contain one ounce of water, every bundridiNQSght 
pbced on AR will balance every ounce poured - imiyrifo i^t&e 
KV: hence, by a parity of reasoning, if the tube .m^ls^idi- 
minished, so that six inches in length shall oontsiii laibmi 
drachm of water, it will still balance one hundved'WBigjkt^piHfaeii 
in AB: thus, if the tube is of sufficient lengthy tre'^manofiy 
a small quantity of water, raise any weight plMSd ^ft vittte unM 
AT); and hence, we see that a small preMare on the^oidi'ibake 
tube EP will raise a weight on A O so nrach greater rthoitrlittdf, 
as the diameter of AB exceeds that of £F; and tfiifJUOmiBy 
lends us to the principle of the hydrostatic prtu^ ^rirfidl^-W-^ 
now describe. "^ r^^n^ "i 

I^t AB {Fig. 3. P/. C) be a pipe of small diameter/^eef ose 
inch; DFj another of much larger, say 13 indies; a&d^ l0|rtiieiD 
be connected together by the pipe BU ; then, if we pdnriiriter 
into one, as AB, it will raise to the same level in ED : 'now^iT a 
piston, or a plug, is fitted into the tubes AB and £D^ '^^^fiad, 
upon the principles above shewn, that a small wei^it- mirrl^ 
piston at AB will balance a much greater one in the tirtM DS: 
thus, by a small pressure on the end of the piston FG,?s«tEiare 
enabled to raise the piston HI ; so that, supposing tlieeMi>|.to 
press against any body, it will press it with a force #» iattel^e 
greater, as the tube D£ is greater than AB: for inMfafeep^if 
we suppose the diameter of the tube £D to be sucb dnt^iveiy 
inch in its height shall contain 50 pounds of water, laaA'lMkxA 
AB such that every eveiy inch also in height shall cOntaia'iM(C>iy|ie 
ounce, we have a power, which, if applied to G, by prMteff^'flD 
the surface of the fluid, will, for every ounce of p ttSM I it e^iift 
50 pounds on I; that is, with a force of little moii^ tktti ^1} 
pounds, we are enabled to lift a ton weight; but hen^ ufiinoAIl 
other mechanical engines, what is gained in power is lOiC ifi£ tfabe, 
or the distance the power moves through will be in prbpqirtiki to 
the distance the body moves, as the power is to the wei^ti^-fSUs 
is the theory of the hydrostatic press ; but, in practice, is so m eyi l m 
different, as a forcing pump is applied, instead <^ direct piej^ine, 
by a piston on the tube AB, ana a contrivance for |ypeiiiB|f'^e 




itoMm ^oesQ]^ dtmt^i^fi <o«Uniryi>f iji^e^^^ap]^ M!m-?i9l^^f 
twbilinfe:^ lNKA::dot»)uKraitd% while tfank dc^ t)^:>Ba4a9fblfffi.i;> 
npwIiflaAiitetiaboi: /? fl ' . .':..:.;, sv jn'wtv/ 

^-isbBto. 88) woijiwKr^Tlioti^ t^ action of capillai^ tu^^w^^ 
othtijniqset lif jl)^(]y|staitic laws, as the term has hefii ^iiftno^^^, 
fand ^&i|MrU tolea. otentioned in this work, it m^y, he a^^wi^Vlo 
tihjimr jir»rdi^ni:the siihject, as well as to define th^ t^foj^ .ri.. 
Jrfsi€^plHii^ifflk«^.ar^ sinall pipes, or canals, whose hoi^.aie 
^^me^dkaf^.fivM^; i¥»?row--their usual diameters b^g %^t 
-4p«lt^Wtityk;or:^e4thirtieth part of an inch, and soaie much 
3fl»aUflf tliaii7<«yeO;^t^. .Dr.Hook is said to have nn4e. aope 
bwbfqeiittteeiHrfl^eifs not more than that of a sender's fhijeod. 
xSop^UKdllie j^j|«^palrD(M9DC9nena of these tubes I will now jne^- 
blioiif:dttlc«cS€fr!ml pr>^e», of different sizes, open at both 4{ni^, 
9dn4iiif>iDfr99flhAmkJiAUleway in water; you will immediately, 9ee 
^Iteflnidfraiaejjiii^in^ tton to different heights, aocoiding to ti^eir 
^fliiiiatnr%igctetfing' lite^preatest height in the smallest ttbesj a^d 
f flhe»l i ^g^rh^»faBep aacertahied to be in the reci]»ocal proportion 

of their diameters. The greatest height that water has be^. ^^een 
9io ^a8€;^d^AS^:lu^i)iing to the experiments of Dr. liook, aft>out 
cxtsiliTg^jMtectincto. These heights are, however, not the Banpfe for 
i^riMnufai for $0me elevating themselves considerably higW:.th4n 
s^ii^M^romilSf the mercury, instead of bang elevated^ Si^. Uxwer 
.ftkAn^fce ^IQ^te in Vrhich it is immersed. Another ext^Q^sdiBC^ 
s^iionom^t^ i$^ tbat if a fluid is suspended in a capdl^^^i^, 

Ml adfifrvd'tOrruB ou^ it will only drop from it slowly |b^(^j|,^e 
stnh^s jldiSMM9 it vvUl run out in a continued Atream/ Tki^ 
opi efc t irifl ft n j^itto^ differing from the gepen^ prin^pli^ i^j^g^- 
9dtaifligha«e a^t yet been sufficimliy investigali^j^oi^^^^^^ 
htfjediapfm4 upon tbe general principle of alKmc^o^ ^l &)f^(i^f]|i- 
Xim^iibiofebb^di^ have to adhere togethev^ (K^najn f^gi^cp^r^wd 
loolMrsbJi^ )^% degree, while some se^pi en^q^jf^ffkk i^^Ag 
3i|urQp^)i^t3r^aad eadeavour to fly from eac^ot^^c ^^b^l^l^t 
a^ i^yteftt Tyy, fai my opinion» to depend^na^ ^p9Bdtb^c^m^l 
fltfuij>4»«iii^h0ntcal propeitie» of bodieii; :fm4.#^<^lS^ st^e 
ifenolpf^eKpenttients have been «oourately-9^d^ H<V^lh0J9 Tsin 
UAoditlfimi^ to lay^ down any general rule^>fnr .#9bdp9ik $%c^|^Sdl^D 
^sf^^Mm'oi emllary attraction. . v .i^-r^-i-^ .'B-'fTfiHDsrn is^dj'-' 
oJ ,iA«ep4«> ^ahmqgeneous is a teim PplN»N''^^~e^lifl^ ^^ 
yjM^iiwA densities thfooghout,; OT:9^(mCfpQ^f4'i9iia^S^<^^ 
i0ilfiffambtB of the jNuoe nature i- ihvahrw^mifa ^^9mf(iki^9mfi9iA 

3*i*»i^p<ni»gei«w*l»dies; aii^.4bi9.4(!np]i|^N^i9 ispj^f^^^o 
^^Jfe^gsiii»mou% or that which is.^19^ «iIbpf^ti»i«IWfti<yfrS|*- 
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btiiiiccb difleiing from each other Id their nature and qualities ; thus, 
a ball of lead is an homogeneous body ; while oiie nmde up of a 
mixture of metal, wood, stone, kc. such as a building, or a ifaip, 
is called an heterogeneouz bodif : and this is what is meant in Cor. 
3. of the same Proposition. 

Prop. 84. Cor. 3. — Ihxs Cor. maybe very aptly illustrated fay 
the motion of an arrow, where, from the head being much teafier 
than the shaft, the centre of gravity is very near the head, md te 
centre of magnitude that point which is at equal distanceff (ram 
the two extremities of the arrow ; hence, in its motion, the ceitie 
of gravity, or that point near the head, goes foremost, while iie 
centru of magnitude follows it as here stated. 

Prop. 84. Cor. 4. — This Cor. seems to imply, that if the body 
\vhich is placed in the fluid is of either greater or less specific ^- 
vity, it will be always in motion; whereas, what is meant, ii lin^y 
that if the body is heavier than the fluid, it will continually sink in it 
till it reaches the bottom of the vessel which contains the ntnd; er, if 
it is lighter than the fluid, it will always rabe towards the suifiioe,-1et 
it 1)6 placed in any part of the fluid beneath that surfiuse ;' but fluit 
if it is of the same specific gravity as the fluid, it will remam At^estt 
if placed in any part, and will notliave a tendency either to descend 
or ascend. 

Prop. 85. — On the principles shewn in this Proposition depend 
the use and construction of the hydrostatic balance^ or machine for 
asccrtaiuin.? the specific gravities of bodies, and, consequently, as 
applied to tne arts, the quantity of any alloy mixed with tae gouL or 
suvcr which we manufacture, either into coin, or difierent artides 
of utility or ornament; the principle of which is as follows. First, 
we weigh the article in the air, in the common way ; then, suspend- 
iug it from the scale by means of a horse hair or otherwise, we let it 
hang in a vessel of water, and balance it b^ weights in the odier 
scale, and from the quantity of weight lost m weighing in tiie flutd 
we estimate its specific gravity ; and, consequently, knowing by 
experiment the specific gravity of gold or silver, we are eiiiaUM to 
find the quantity of alloy used. 

Prop. 86. — By means of the properties here shewn, respecting 
bodies floating in a fluid, we are enaoled to ascertain, from the di- 
mensions of any vessel, as a ship or barge, the quantity of mexefaan- 
dise she will be able to carry without danger of sinking, or, as is 
commonly expressed, the tonnage of any vessel ; for as we know 
the specific gravity or weight of a cubic foot of water, if we know 
the dimensions of the part of the vessel immersed in it, we necessa- 
rily know by the simple rule of three the cargo such vessel will be 
able to swim with ; for, as one cubic foot of water is to its wdgfat, 
so is the cubic feet in the part of vessel immersed to its weight. 

Also, upon the same principles, is the construction of the i^ 
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drameter^ or machine lor aiH>grtainii>g tb^ specific -gravity of fluids, 
]BflBtkmed-ii^tl|iftWfdkatpa9».204. ^9Iioe, w^npdtliediliEtoit 
stoepglh ef spiritpops^U^uoi^ l^y its meaos^ as th^ stroz^ger the spirit 
is, Ike deeper wiU tbe mstrninent sink in vihen inunersea; anj 
the contrary. 

JPnpk 105. Cor, 1. JUe^uHBf. — ^I^ee is a t^nn used in nayiga- 
tiooy aikd isapUes the quarter of the compass towards whikdji t)ie 
wind blows ; thus, if the wind is in the west, or blowine from that 
quarter, we s^ that the east is leeward ; and thus the lee-way is 
m deviation nom the point of the compass on which we are ateefi- 
ing towards that quarter to which the wind blows, or a drifting 
from the line of direction in which we wish to sail, caused by the 
wipd blowong in an oblique direcdou, on the sails, hull, &c. of the 
veiweL 

Prqp. 105. Cot. 4. — For instance, if a ship is sailing with 
the fqrce of the wind acting on her sails, and at the same time in 
driving with the force of a current in her stem, in the same direc* 
tion, we must, in order to find the force witb which the water acts 
on to stern, subtract the velocibr produced by the force of the 
wind firoin the velocity produced by the effect of the pressure of 
wa^er on the sterp of the vessel ; thus, calling the velocity pro- 
duced by the wind jr, and that by the current y, the whole abso- 
lute-Telocity of the ship would be ^+^, that is, if we supposed 
x:s 2 miles per hour, and y ^ 4 miles per hour, the velocity ought 
to be 2+^==^ 6 miles ; but as the whole force of the current cannot 
be exerted to impel the vessel forward as it is in motion, the rela* 
tive v^ocity of these two forces must be taken instead of the abso- 
lute velocity ; that is, we must subtract the velocity x produced by 
the v?iod firom the velocity y produced by the stream, that is, y — « 
=:the relative velocity of the stream, and fi:om hence deduce the 
force of the water on die stem of the vessel by this Proposition 
and its OnroUaiies. 

Frop» 111. — ^It is here necessary to say something respecting 
what is mentioned in reference to tig, \\,FL XIV. as the original 
diagram given in the plate in the quarto edition is not suffideqtlj 
pl^tio. We have, in our diagram, endeavoured to make the figure 
more so, by representing the cydoidal tooth £B, as well a3 the 
crpj^ed tooth Aby and the bent tooth AG, somewhat fdairier ; but 
still wee do not feel satisfied that it is sufficienUy intelligible to the 
wodonan, and shall therefore, firom the same pripciples, eitdeavour 
to shew what is here meant, and illustrate it by a diagram some- 
what different in form, but more clear in the construction. Lit 
A and B (JPv . 4. P/. B) be two wheels, of any diametersi, equal or 
uniaiqual, and let the line CD represent the fiiice oC a tooth formed 
into an eiMcydoidal figure by the revolution of the wheel A about 
that of B, and let £F be a crooked tooth of any fpmi,. ao th^ it 
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hii:dl not touch the point D of the tooth DC ; then if th^ wiifiel A u 
made to revolve on its axia, the tooth £F vnll. hy ^ffja^ifi^pfiilQj 
ciiue tlie \rheel B to revolve with au equable iio^pm ^bc^Jti 
axis, aud by that motion the teeth will assume tbfi .pfiy|i^g)^£ai 
slie\i n at Gil and Kl, when the tooth Gil will Leave ,|b^poH||(i, 
of the touth KI. Then, if we suppose other teeth in tfaejciren^ 
fercnce of the wheels A and B so placed, that as ■qQfi.,u.PD9 
cTooktd tooth is leaving the epicycloidal tooth, another e|!Qi^M 
tooth sli:ill liave just touched another epicycloidal one^ «is.sbi^)^,w 
thf figure, an equable motion will be produced, anid tbe:iiri^ 
will revolve without being either accelerated or ratudflri. 4wRi^ 
thbiritivolutiun about their axis. .* r.. , 

Prop. 111. Page 145.— In reference to Tig. 2. Pi }i\tr,M'M 
Hutches in tlie machine DG are all right lines, the inotipijk ^i^Arb^ 
uniform ; but if parabolic curves, the motion will be acaoe^QfiE^Sd.^ .: 
iV<>/). 112. — In changing the direction of any motioii.-^y}i|$e9M 
of puUies, as here shewn, tlie line of direction must bp^a^arj^r 
(juite in the same plane ; thus, the pullies B, C^ D, &CGr,.mii^^]i^ili 
same plane, though the direction of the power may b^ variii^jpaoi' 
given direction in that plane; for if the pullies are not aiinytyjl fo^^tft 
.same plane, or nearly so, the rope or cord going roucuL tl^iaiq^fii^. 
slip from the groove or channel of the pulley, or if not, will JmM ^flitf^ 
unequal pressure on the axis of the pullies, and cause ag|i^ 4ibL 
of friction and a considerable loss of power ; for suppose k^ Xigi-6,\ 
PI. XV'. the pullies B, C, and D, to be nut in the same piai|e*^a^||e 
direction of the power A B, it is evident that there willbf^pot naly- 
a strain upon the axis of the pullies, but that the cord pr rope jqiii|( 
round them will constantly rub on the sides of the grooV^ oC^thA i 
pulley and endeavour to slip out. This in practice is enideaYCfUr^VV 
be remedied by suspending the pullies by ropes orbook^ i4gh.|]^-.: 
their several axes shall accommodate themselves U> anydeviaiijiii 
from t)ie plane in which the direction of the power or w^if^* 
moves. 

As the changing the direction of the motion of bodies by iM^Si. 
of the pulley is of great use in mechanics, let us examine this fyghr 
position a little further, and we shall be enabled to ascertain M^afi .. 
general rules in the fixing or placing of pullies that will preyi||UA( e^,. 
lessen, in a great measure, tbe friction that is often found \%, qh*. , 
tain when they are employed ; and first, let it be required to cl|9|Mj 
a vertical to a horizontal motion, or a motion inclined froaoi $e ' 
perpendicular. Here, it is evident, two pullies, at least, must bft.ent^i^ 
ployed, if the horizontal motion to be produced is not in Iheitamf .: 
plane as that of the vertical motion : tlius, let AB {Fig, 5. PL B.). 
be a rope rpund the pulley B, producing a vertical motion in B, and - 
it is required by a continuation of the rope from B to C, to produce 
a horizontal motion in the pulley C, it is here evident that the rope 
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ABO'Stf-iii lUe ratttejibu'; now, hmder^tifi^ ipilteir^'B 
tUUldldtAri^ffle^'inditiut fle rope being liable 10 slip ontofAo- 



fhxMfi^W !ft 'i^e, W be strained by the rope bearing unequallV 
%u«tt'tM ufcs oinhe noove, it is nec&.san' tliat tbeiud^oF^ 
|iU#'ilioa4'-'^ Iheain a perpendicular ifireclion to ihe plaUb- 
ABdl'-lBliKe iatanta yAien \he diiei;iion is cha.iiged from a vertl^' 
(Mtotn-'Mriimlal diiMtian b; means or another pullc; C, it H' 
dMriaSbylM tite palle; C sbould be so fixed that il^ axis shcuM 
bk^HJiiwdicalB' (o Ae plane BCD ; in the same maimeT, if At 

mM Mtf ia te SeoHiqne, as shewn at BEF,lhe - " - * ■•--^' 

ilffttit'ptf^il w dieJar to the plane BEF, and » 
4tf puBqrior iipycliange of direction ; andthus wesee.dKrttoeoa- 
UAii'U^lbDn'tlwdrTectionof apowerby means of the pulley, it 
dMu^laaS.'ibnR^le rale to fix the aiis of the puUey in a pfuie 
in a iM^tfttSlnbt dIreclioD to that in which the rope thai ffUS 

"" n ^ f '^f llfj-^ii'changing the direction of motion by meani iff 
«M4fWBlietfn In Fig. i. PI. XVI. we hare but a hint of the m^ 
llWi''1b«#lM'Anii£ in ose in all tnillworl:, which is tedioicalli 
llitti 'iteUi'? 1 LCT'i^be prindples of which we wQl endeavour to laj 
dUmt^m'iHa aa the methods in commou use, to adapt the beret 
a|f|lKMA'<ftaA wh«eli to each other as they will ntore with the 
Uttt AKfitta, and press eqnallv on all paiti of the teeth dnring 
thiif^^nilulibn. 

'llel'AB(I^.«.i%B.)bethe ditectiou of the axisor sbarioT^, 
«4Mel,' liiid it is required to change the direction of ihe moiiolj' 
/iSMdKf nfard to the vehdUf akkh ve wll here suppme, for traw- ^ 
jif^'At iMcJ bf a shaft situated in AC; let us suppou a cone ^ 
AT&, WmM OB Uw shaft A6, and another of equal dimensitins h^ < 
dMihailAC,fdi*duftpas8ingthn>ughdt«ircenlKs,) such that f1^ , 
aDB, ft isendent that if grooTes were made in both cones frOt^.'/ 
dMt» baSeato (beir*erticet, diminishing from their bases and s1i^«! 
placed in tiiose grooves, that by placing there these sljpa, whi^ a^ 
•s«MA' KMWeen eadi otter, if we make the cone FAD' revulce'ciu 
its n3^ it will also make DAE revolve on its axis ; itius producing ' 
a HMioit al Ow shaft AC at an asde BAC, ei^uat to ibe dir«clio:i ' 
ipf «Mdi we wish it to move ; and if we suppoFe t!ie pj.rls or the 
coA AGB an d AB I cnt away, there will remain iliebevel-ivheel. 
GmD'aodBDEI, which is the principle of the bevel-geer. N'on 
ifw* WiU Ihe veloci^ of Ae shaft AB to be grealiir or le,-s (lian 
KC^ we BHtsI augment the diameter tJt the wbe'^l FU, ai reduee. 
ill6*esBmei*lio»tFDis to DE, or the line AD must divide' ' 
the^ani^BAC in the same ratio as we irisb (he veloctry of tHr^^ 
wbetfeTDand DE to move. Hence, we sec that the bevfl of l^e'^ 
wheelsC and D, {Tig. 1. PI. XVLj tnust be such, if we suppose 
thei^ ihafts produced, till tbe^meet; a bne dra<vn from that point 
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to the meeting of the circumference of the wheels will determine 
the angle or bevel of their edges, so as they will work fireeljr and 
equally together. 

Prop. 113. — The methods of regulatihe the modoo of madnntt 
by means of pendulums are more especially adapted to clodc woiia, 
and accordingly have been studied with great care to produce a 
uniform and steady motion in the hands of the clock, and IR 
known by the technical terms of scapementty or escepemeAit. Fv. 1. 
PL XVI. is the common vertical scapement, and which, ihodgal^ 
p:ulating the movement, causes the hand which is fixed on the av 
FG, to point out seconds of time in common clocks; where fte 
pendulum swings seconds, at the same time it causes a Hud of (v- 
cilating movement in the hand, so that it appears to move dot by 
direct impulses in one direction, but after proceeding fbrwaitb is 
made to go back a part of the space in wmch it has advanced^:- 
Fig. 3. PL XVI. is the common horizontal escapement, and is liaUe 
to the same objections. Other escapements that 6ause die hahd to 
proceed by regular impulses one way only, BXt called lAeadhtat 
scapements, and are numerous, as the ingenuity of the artist or 
convenience of the construction dictates. 

Prop, 119. — I would call the attention of the mechanic more 
particularly to this Proposition, as it contains such rules and bb- 
servations in the application of theoretical mechanics to thb tKm- 
struction of machines and engines that will, if properly attbndfid 
to, enable us to apply with the greatest possible advantage any 
power we are in possession of, to produce the maximum of ejftct, 
and in such a manner, that we shall not encumber our engin^ititb 
a multiplicity of parts altogether unnecessary to the purpose we 
have in view ; thus enabling us to avoid a waste of nud^nal Or an 
unneccessary expence in the manufacture. The eighteen mlto hdre 
given embrace all the precautions that are absolutely nicessaiylD 
ensure perfection, as well as many principles deduced firotn atittial 
experiment, which will guide us in the application of machinery to 
the various purposes of life. 

We will, therefore, for the sake of illustration, suppose a case, 
in which it is required to raise a weight of one ton by the stiti^jth 
of an individual, who is capable of exerting for a continuAnoe 
a force of 30 pounds. Here we have the proportions of the poWer 
to the weight : now we have seen, that if a lever is suppicnrod at 
a point, which divides the whole length of the lever into two 
parts, in the same proportion as the power is to the weight, it will 
be balanced on the point of support or fulcrum, the longest ami 
of the lever being that to whicn the power is applied, and Ae 
shortest that to which the weight is suspended : now, if hi our 
example we apply a lever so divided, in the proportion of 30 lb. 
to 1 ton, or 2240 lb. we shall be able to support (naving a fulcrum 
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at that point)- thQ weight required ; and to taise this weigfatit. ^6 
iieed only lengthen Sie longei^ ann of the lever, and we shall 
bvercome the resistance of the weight; or th6 strength of one 
man with a Ifivet so constructed will he sufficient to overcome 
the weight: but as the lever is calculated to raise bodies b^t 
a smaQ distance^ if we were required to elevate the body nmcfa 
fAMm its origmal situation, we must have recourse to other me- 
diaTHJcal powers, such as the pulley. We will now examine how 
4iat.vill answer our purpose. In the body of the work w6 hav« 
Mi^n ibat a fixed pulley only changes the direction of the power, 
and does not increase it, and every moveable one doubles di^ 
|>ower, and in a combination of pollies, as generally used, the 
power tf increased according to the number of moveable puUies; 
or aia ijany times as the rope goes round the lower pullies, so 
maaij times the power is increased bv 2 ; that is,' if the loWec 
shieve, or block, contains 3 pullies, ror instance, the power i§ 
equal to 6; now, in order to find, in our example, how many 
pi^lies there should be in the lower block to raise one ton, 
or' 2)40 pounds, with a power of 30 pounds, as the double of 
3d 18 66, .which will be the weight we can baLamce with a move4 
$ble^ pulley ; if we add another pulley also moveable, we shdl 
have a nower of 120, and so on as shewn in Fig, 3. PL XXI. 
We fino, that with 7 moveable pullies we shall be able, with the 
^repgth of one man, to raise 3840 pounds ; whereas 6 pullies 
7^ raise but 1920 pounds, insufficient for our present purpose; 
htence. We find that with the pulley we cannot enect our purpose 
in this case conveniently ; and the common way, as at Fig. 7^ 
PL ly. has still less power ; therefore, let us try what we can do 
wkh a combination' of wheels acting as perpetnal levers; in order 
to^efifect which, let ABC (^. 1. PLC) be a lever, and let it hi 
divided in B, so that AB : BC as the weight : the power ; h6nce we,, 
find that the proposition of AB to BC is as T4| to 1 : that is, if we 
hav^ only two wheels in this proportion of their diameters, a pro- 
portion too great fi)r actual practice (being nearly that of tovm 
UQ^dies to 234 feet,) if the power acts at the circunmrence of Okie 
wfaee^ and me weieht at tnat of the other; or if we suppo^ the 
We^^ to be raised by means of the wheel and axle, and u the aode 
is 4 inches diameter, the wheel, in order to move the weight Or 

Sroduce an equilibrium, must be about 23i feet; we will thcsrelore 
ivi Je the weight, say into 10 parts, that is, we will suppose that 
we have, with a power of 30, to lift 2 hundred wei|^^ or 224 
pounds, instead of one ton, and then by the s^lication of another 
wheel, (on whose axis is a handle,) applied to this, we shaU be able 
to increase the power tenfi>ld, which will enaUe us to overcome, 
the wdght proposed, viz. one ton. Let us pee how tMs will i^ow 
apply. Let AB ( Fig. 2. PL C) be a whee^ on wtoe axis B a 
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of Iha wheel C ; we, therdbfer ^Jii 
by DE, is to 30, ttie loT^ 




o iji Ihc length DE to the tadius of fti6 «*««l C;V_ 
found uhout 1 1 incites to balnncclhe rEsistaoM; unfl Vffl 
uFlhchaniUe DE,Qrlhe radius of the wheel A, is ir 
wiall ijuuD^ty, we shall be able, iriih a farce of 90 if 
at P„ loraiseaweighl, aaW, of aton,(.t2540lM>Uiia=. «, 
the mo«t «mple fonn of the crane in comnron <»e ; mJ n 
llic liw of Ihe wheel A and axle B may be incremtil ot iu 
At ton*ooienl, but so that Iheit pioportions shall lilymjt h 

-other u here staled ; andbyallendingto the rtiltslaid tfft 

PropMition respeciing friction, we shall alwaji he flhtetbS 
i machine 'o overcome anj resistance, and avoid i--'-"' 
liOwet, at)d cojtsequeDily a waste of laboni and mal 
rtf sufflcient for the purpose to which we wi»h to Bp^ 

Ktnmple !7. Pnge 1T3. — In considering thii txnritplo, tn kn 
naliirilly led to inquire the length of an oar to row it boatirith 
Ae gicatC't possible atlvantage ; for our author has i^learl; thc^ 
thai long oan have the disadvantage of losing pffwer, tlioagh, M 
the i;itno time,! iJiey may be made so short, that \h: ■ - 
Hxerl tolBov* the boat will he so disadvanlageouslj < 
Iht slow motion of the end of the oar in the m:-.: 
{iroptl the ves»el with jufficieut velocity; we there f-. 
enijiiire ihe best length of an oar, 10 move a boal with 
ulvantage, in order to which we must be fumisi": 
foil owing data. 1st The absolute resistance theboir 
IP going through the water : 2nd. The force applied t . 
of the oar: and, 3tiJ, The distance of the handle frf.r, i... 
Qr rullock, in the boat's side, or fulcrunj against wWch the pi 
acts. The first of ihcBe varies according to flie B^iAT'd 
boat, Uid must be aseerlsined by experiment; and'we* JlelVL 
llie sake Of applying the Propositiou, suppose the wattf Kjk 
fci in a' current Uie boat moves easier with tLe .'-"—'" 



i il. ^Vit&'regaid to the secobd, it depends Dn Ihe tUengf^ 

iridinduiiL: and as we have seen, pa^ 159, that a mUk 
i]]) speaking, fiaii draw borizoDtjlly aboui 70 or 80 pouiUlhv 

Lj nEicut li^f hU weigbl, and is Ibe same thing u puHij^ 
J uf llie oar; and as a laaa can exert a fbree of 30 pountt 

liLiudle of a windlass by his muscular poweis, bo a bo^ 
hn^mg his feet Armly fixed against (he thanta of the NlSw 
i: enuLled 10 add something- by muscular power to 1% 
30 pounds dependiDg on bis absolute weight; we can Ihe^ 
iup{io£e jl, without much error, as a force nearly, if if^ 

100 pouiidi; and, in t!>e third place, the distance of mk 
e of tlie oar from tlie i>ius in the side of the boat, (and iMa 
ids upou the width of the boat itself;) for if the man sits ($ 
jposile side of the boat to that of where the oar goes in tb 
, ii «iH allow him a leverage of the width of the boij^ 

vviU noir apply this to the iavestigatiDn of the roUowiB& 
iiu : Giveu lie retislance a boat meets ntiih in goiTig throat 
ita, iJie tiraigt/i of a man to pull at the oar, ana the length at 
•art of tht uar wit/iin the boat ; il a required to aicerlam Im 

uf that pari ijf the oar aver the boat's tide that fiall bt miliV 
Install.'. We wUl examine this problem, considering the en4|n 
ir ill die water as resting against il aii a fultrum ; the ponw 
uji at the other end of £e oar oi lever; and the resistaniie u 
u-t of the oar pressing on the pios on the side of the btwt 
berefore, AEB {Fig. 2. PI. C) be the side of the boat, CB9 
ir, ED the part in the boat, EC the part over its side; notfj 
B £I)=:ui, tiie resistance opposed to the point F=6, f^oil IM 
vlied at Dzzc, we have to determine the propoition of 



^\ 



that the velocity of the point E may be a maxiinu^ 
i.gtea'tesi possible. Now, without entering on any fiiudoi^ 
lus, hut merely from mechanical principles, it is plain ih^t 
^octties of the points E and I) will be in the same proportipp 
^ is to CD ; therefore it would seem that the nearer the pcnilt 
ol), the greater the velocity. Bat it is plain, that if £ is ve^ 
D^ the fince apphed at that point will be unable to oveicom 
edstauce at the poiot E ; therefore the point E must be n 
ed, that the force applied at D shall be able to oierCome.ttiil 
uice at E ; and this is the poiot where, if we place E, tbe 
Ltill Ue noved witii the greatest velocity; that is, if CE is to 
n the sums proportion as the force at D is to the resistance 
the boat will be moved with the greatest velocity, or the 
I will be used to tlie greatest advantage to propel the vessel: 
«« bad lliat we are enabled, in the common wherries used on 
hames, to apply longer ojn thiui in ship boats, as the (bimer 
' '~ ce, from their sharp construction, thun the latter, 
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whose* bows are mcMro round. TUui, koowiag the x^sUtanoe tke 
wiittT Kivcs to ihv inotiun of the boat^ witU the foxce ap|4ied at 
tin; end of tlie cKir, wo cun determhie the leogth of the ovit^i 
to ])roduci.' tlie t;rocitt'st ])ossiI)lt' eflt*ct id moving the boat. 

Kvampie 21). Pufie 179. — ^Thc latter part of this ex«mple,iie^ 
st^iiic little ilhistraiioii, where it is observed that when Gib » 
greatiT ilian the radius ()Li-(-H, the chariot will move .fgrwand, 
^lc. Tliat isy if the force of the wuid on the sails is sufficient to 
overcome tlic friction of the carriage in moving, together .with tbe 
forest of the Mind acting againt^t the body of the chariot, it will 
move a^cainst the wind: hence, we see, that unless that ia.lbe 
castt the sails will have no effect, but the wind will exert itself on 
thf chariot alone to ])roduce a motion in it; or if these two fi»OH» 
viz. that of the wind against the sail, and that against the ahsdtfJt, 
are equal, no effect at all will be produced. .Tliis explanaCifiD 
may be ntcossary, as it seems, on the first view of ity to. iixffllj 
that the sails produce a progressive and a retrograde X¥H)tioii|4iiO- 
c'onling to die power tlie wind has over them, when comparsd ii^ 
the resistance offered by the mast and vessel itself; aad hens it is 
evident that tliis coiLstruction of a sailing chariot will^pnodi^ 
a progressive motion, let llic wind blow from any pant of ^ 
compass : for if the power of the sails is sufficient to jpnop^ 
motion, when tlie wind is directly contrary, much more ^nvl it 
produce motion when the wind is more favourable, as^ in that 
case, the resistance of tlie wind against the chariot is taken .away, 
and, if directly in favour, will augment tlie speed of iL 

Ej ample 32. Pa^c 180. — Witli respect to tlie Sjrphon, as used 
for drawing off liquors, &:c. the following form is comvoBly 
adopted : ACH {h'ig. 4. PI. D) is a tube, or pipe, of copper,, or 
metal, liaving the leg A about a foot or eighteen incbea longfr 
than J) : at 1'. is a btop-cock, CD a small tube soldered, into the 
leg A, and opening into it at ( -, and having the end D open, m^ 
turned up, to apply the mouth to draw out the air after havifijf 
immersed the end B in the liquor, and stopped the end.A^l9[ 
turning the cock K; then, by opening the cock £, the liqui4,^a«ai 
out at A ; and when you have filled your vessel^ • you ms^ A^fp 
tlie cock, and, at any time, draw o£f more liquor, withoutiifi^ 
extracting tlie air a second time. We may here observe, that-ibe 
pipe DC is much smaller than AB ; or otherwise, if the liqiuff 
did not flow faster from A than it passes by the end of the bim 
at C, it would flow out at the end D, if, at any time^ it shoula^ 
lower than the surface of the cask, or vessel, which you are ei)|H 
tying ; also, we must observe, that the point C (where tlie soiaU 
tube is inserted into AB) must always be below the sur&ce 9f.|he 
liquor, or the syphon will cease to flow. .., ., ., . 

Example 34. Page 182. — ^The rules here given for our judgmeut 




Il[^e9 ; btlt we should rather judge from the iiiotliMi'id[)p IffiH 
f ttl; <)yM<^^iNer in the lilbe, tiMua from M kc^Bbl ifeigilt 
h^'^tETbds^ bud judge from the snHbce Hi ihemiklijSh^ 
^If ^^c!Mi^^ or tonvex, whether it is rishigVMr mHfaij^ for 
(ftltig-, it will «p|)eaf vety convex ; if fidliMg^ concftVe, tt^ 
1^ ^soime teieastue io the glass ; indeed, though th^ huTMnttM 
^iVith directness, the weight of a colmnn of air pi 
Mf&b^of the quicksiWer in the basin, it will not ahr^^ 
-more properly, foretell the state of the atmospbiftre, (A 
^^ are likely to have foul or fiur weather; and tiwlDgh 
Me^ftftkms have been made, there still seems something 
S^ €Mble us to judge with any degree of certainty hi ftAi 
ymt^'m difi^rent latitudes, and under diflferent cii^eutt<' 
,"1^1^ 'find, often, such contrary indicatvMs, that in die 
'Itahe'of our knowledge respecting the prognostics of flHi 
f-lbf thi^' means, we are often led into many errors, Whicii 
MII9;* and experiment, can reconcile to the phenomena t^ 
^lliose who would wish to see more on the subjeijt^ and 
bflbity of observations, will find their curiosity amply 
j^^'by a reference to the article Bmwueier, fik the Ba|H 
i to die Encyclopedia Britannica, or Rees' Iktyclopeauif 
16 m Baiiow'ii and Hutton's Mathematicai Didknuay. 
ipk 37. Page 183. — The application of the principle of 
rlfi^'cup to practical purposes is of great use, in many 
d operations ; as, by its means, we are enabled^ during die 
of distillation, to sepamte the oil that comes over from 
l€t9 we are distilling : thus, in the process of making^ 
B 'Crater, what is distilled is mixed with a certain qoantity 
f&A oil of lavender, which is separated by the foUowinf 
' ABC (Fig. 5. PI. D) is a vessel of glass, having the 
M^ syphon, DE, communicating with it at E; then as die 
ft«ps from the still, it fills the vessel AB till it rises to d h,' 
itfe-'bend of the syphon, and it will run out atD till it' 
ma b io cd level with D ; it then fills again, and agliitf 
'itself, thus always leaving a portion of the liquid at die 
6fdie vessd : now, as the oil which comes over wHhdi^ 
1 water will always float on its surfiKe, and as £ is tittialed 
8ttom of the vessel, the oil vrill accunriilale tm its surflM^ 
i^ water runs out at D, thus saving all the <nthy itself in 
el'; and, at tibie end of the operation, we have but little trou^ 
^j^euate the remaining distilled water from it ; and ihb mn- 
I applicable to a variety of similar operations coaneded 
i^avts and manufactures, but which; more pro|iefty> bdffikgf* 
sence of Chemistry than diat of MadmaartrtiiWiL m *e 
f >ihe syphoii is mtroduoed a» » fwrt eTIiydkMimv diis 
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is, in some measure, connected ipt itli the feneni plaar «ff the iML 
under nt)tice. ;...-■■ 

Ktompk 40. Pfifie 185. — By the iiiBpcctioD of the figunt deniii 
in Plate 27, it may appear that the horse, in trottsng^iinetvofat 
up on one Hide, ^hile the opposite ones are down : 'Dow^th^.this 
may not lead into error, we may here remark, that thougli teiiDOt 
at F is represented as lifVcd up, we must suppose that, befoatlhe 
foot K is lifted, it is placed on the ground atr, and thenlheirte 
foot li taken off the ground ; and this the attentive nader'wlU 
see is what is meant in this example. 

Kratfi/tft: 42. Page 1^7. — It has often struck me^ inr otarnag 
the motion of a tisn in water, that the air bladder has other.pHP- 
poses than that of simply rendering it lighter and hfiawiev thn ihe 
surround inp; water, so as to enable it to raise- and sink itutfat 
pleasure ; for, frequently, tlie fish is in a perpetidiciilan-dtiecfioD, 
either with its head or tail elevated: now, it is WDrtK-eaiiuinr, 
whether the lish has it not in its power to alter its eeiiti«i<»f igM- 
vity hy means of the air bladder, so that its head, or Jai&^i-siiBll 
preponderate, thus enabling it to steer itself in any obli^euor 
even perpendicular direction in the fluid; for, by Yefj-aitteBlive 
observation on some gold tish in a large reservoir, it ajapeankl to 
me that the action of the tail and fins was insuffioieol ibr'i^ 
purpose, and that they seemed only to use the fins as ajraeanB'Of 
steadying their position, or balancing themselves; for, 'if 'the-flir 
bladder itself is capable of but a small movement either towuds 
the head or tail, it must necessarily cause one end to praponderals, 
and thus, as it shifts the centre of gravity of the boay of thaifiih, 
it must produce a corresponding ascent or descent obliqiiely^f 
the head of it ; and thus, by a very simple piece of mechanism, 
give the fish tlie means of advancing in any required ditection*' -I 
am not aware tliat this idea has occurred to natuiddsts^ • bat 
I think, as all nature is subject to mechanical Laws, it is-vovii 
tlieir consideration, it being foreign to our purpose 1o anlatitm 
the anatomy of the fish ; though I think I could shew tbafe aadh 
a property existed from that consideration. ■; i\,i^. 

EitMnpie 46. Vagt 189. — The counterpoise D, as lenreseotedin 
P^^ 4. PL XX VIII. is wrongly represented ; for, as tnei»«heMiiy 
it is only a pulley : now, there should have been a small 'Wsigfat 
attached to D, merely sufficient to keep the cords AD and^K) 
stretched; and, also, we may here observe, that thechanael 
in the pullies A and B should be made rough, or jagged^ to 
prevent the cords from slipping ^ or they should be made coming 
to a sharp angle at tlie bottom ; but the former is the best, and is 
adopted in the common wooden or Dutch clocks. . < 

Example 48. Pfige 189^ — ^We may here observe, that if.^the 
screw Di^ is a common screw, and fitting into the teetk<iOf 4lie 




iovhred^ (wUkelirlMWl>dDe'iiint:oUiqv& ftot liie plaM.#f.||»' Mch/) 
one revolution of the nut at D will move forward xme MufAHhtfi 
llHMtK^i;.r3di4(it is on thisi -^acftpk' that the fltirew is 4ippliei to 
Bo^ cBBtraoiiiqiotlr' iftstruoMolS)^^ to enable v» to<Uvkl9'aBdi'iid>- 
teiABlitbBodegiees rand minutes engraven on= theim &oes>;ii»T;ify 
fivt Hrttaticey one tooth of a wheel represent a degree^ weoaa^ tf 
ste jfeiHte.the nut of the screw at D into 60 eqiml partSy e^ily 
doddeieooh degree into minutes, or siittieth parts oi oegieca; fe, 
it^merlmmve: D one division forward, it wiU move the dtde fei 
minute, or its sixtieth part; and thus, by means of this con- 
Iniiaoi^ we can, mrith accuracy, divide either a circle, or ttntight 
liBf,i9iilo ¥*cy jitkitiute portions ; and, hence, the combination of 
ilieiaBriew>aiidi wheel, as applied to delicate divisions of lines and 
taMbm^ llMeoblAined the name of the micrometer $crew, 
nodSaai^»&r«64k'i?a^ -191 .—-There is an omission in the plala of 
fheupajs^i S^SrS, as there should have been a line drawn to repro- 
it^ti^fani^ >from the top of the tall posts, to which the pvAies 
hnfcfi^to^ 1 to jJi»' short ones represented as SS on the g^und; 
rbniilWci Deader: will easily see, from the figure itself the use of 
Aitaef iftaj*^ vaad where they should be placed. 
ij PKmfi/g -61.1 P€ge 194. — ^The description of the jack, for 
otf sii% great' weights, here given, is, as &r as it goes, correct, and, 
f Isiiw, Afe^tiie time of our author's writing, was the only one in 
jm^t^iijuty'ia these have been many later improvements in this 
sinB^aBefid'' engine, I shall here describe them; and would fitst 
stmalrkv that instead of the case KL being all of metal, as oor 
daibn-descnbcs, it is of one solid piece of strong wood, haariog 
4hri wfaeds and rack let into it, and fixed in their piaoes by iron 
strapB; OE plates; also, at the end B of the rack, AB, there is 
a straog^ibiked piece turned up at right angles to the lack, AB : 
so thiife when we wish to raise any thing near the. ground, as .a 
ikiook>of stone> and the end B is very near the bottom of KL; 
idiea^L a «re place the end B, of the radc AB, under the stoney afid 
flHBiiBg.'the handle HI, we are enabled to apply the end B in4be 
same manner that we applied the end A in the -example. Aoofher 
qnhpfDvcmeBt i^, in having a catch, or rack, fixed to .tho handle of 
dteiBDaofaine ; so that after we have elevated ther body4ta 4he 
Jgsght ' lequired, we are enabled to prevent the.whec^ sftd, oon- 
]0qhently,'the rack, AB, from turning baokwaj?ds,(i^.weileAvefpo 
<3tei:Jiandle I; and thus prevent many aoeidentS'-whiohi would 
>jDttesose arise. 

juitAwothfflr method of employing the power Is raise- AB/ i »atet|d 
iD^Jhe. piidoa £F, and common toodied wheel G, is, .to have< as 
the axis of the handle a perpetual .serew^-vhich fwofhsvhr the 
kitohSelO^ whose teeth are cut bevelhig, to^x>rsQs(sk>ndwiiMhasdrew^ 
>is thewB m J%. 1. Pij V. ; this adds to-tborpofrer ef tk^jMchine, 
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and, at Uio same time, we can more eaBily reftain the weight in any 
position. The tliinl method is, that of emplojingr a screw inittM 
of the rack, AH, and for many puq)0se8, is much niore t6^ 
w^niciit, as well a^ more powerful, and has the «dvantsige'«^ 
maintaiiiinsr itself, with the weight, in any required position ; 4te 
most simple fonn of which is represented in Fig. 1. iV. £^ when 
AIX'I) is a kulid l)l<x:k of wooa, AB a nut in which the seieir 
KF( I moves ; at F is a piece made larger than the screw, arid 
picrci'<l with liolcs to admit a lever to turn the screw; at £ is 
a nut forked at the end, to be applied to the body ive wish to 
elevate, and moveable about FG ; hence, as we turn the screir^ 
tlie nut R is elevated, and with it the weight ; the iDStrument, in 
this form, is much used among builders for raising or supportisg 
the walls, or part of buildings, when sunk, or undergoing ite- 
rations in the lower part, when we do not wish to distnib die 
superstructure. 

I shall here, l»stly, describe another form of this imuMBe, 
which appears to comluno all the requisites of strength and flower: 
It is represented in Fi^:. 2. PI. E, where A represents the Stodt; 
\\\i :i s( rcw, with a stpi.ire thread, and a fork, P, at its end^ ftxed 
to it ; U is a nut, on which is a wheel ; C, whose edge is hol- 
lowed, and cut into teeth, to work in the axis of the handle; B,' 
which is cut, with a screw to correspond, and which goes tiiMogh 
two strong ]>lates ; n, h, screwed to the stock A : now, as We tlifD 
the handle b, it turns tlu; wheel C, and, with it, the nut D, which 
raises the scre^v H ; hence the end F, at the top, or the hook N, at 
the bottom of the screw, is rai:$ed, and, of course, the \ireight is sii|^ 
ported in any position requirt»d. 

Kvtimple &2. Pa^t 194. — In this example, we must suppose a 
platform abo\'e the wheel a for the men, or horses, to work at the 
lever L, in order to move tlie machinery. 

Fjxample 65. Pufic 195. AnenmscofH\ — ^This term is sometimes 
applif^l to an instrument, by which we arc enabled to ibfetell tiie 
changes of the weather, or from which quarter the wind is Mktilf 
to blow, and thence judging of the probability of rain or tiar 
weather ; and, in this sense, we find it used by many writers. 
Tlie instrument, now under our consideration, is more propeli^ 
a wimMirtl, as nicrely shewing the quarter from which the wittd- 
actudlly blows, and not enabling us to foretell^ or consider^ the^ 
(liflerent changes of the wind. * 

Tlie term AnvMoacopc is frequently confounded with that of 
Anemometer, which is, properly, a machine to indicate the fopoe' 
of the wind, and not the direction in ^-hich it blows ; the flist 
being derived from two Greek words signifying the %Hnd^ and 
1 see, or I ccmukr ; and the latter also from two Greek wordir • 
signifying the wind, and I measure: and Martin, in his PhUctophiif ' 



f«tr.-de»ccibes.|be.laKet, via. tiie Aaemomtler, ^ndei.llM litis 
^^pe;, iho^h I (^vi^enlly 'erroneously, ai \\iey aia.ilno, 
jrtvniiueuu 1 I sImII tiierefare deseiibe Uie AnOHo^a. 
^ 3....i'J..£>,is a post aufficwDtly elavAied, ibal.Ihe ynui, 
; W tW naacbui« ; CD a a frame, £xed on liie top o£ M^. 

I^ieNon.oD Ihe pLvoiA; the axiii Ci, on which the sails 
WtiJtii&foiiiKd conical, as sbevwn at EF, aad formed VM 

0n>oTa IB admit ilie cord EW, which is £x«d at E, tW 

tbe aiiU ; and as the niud oiakas Ihe sails 1 1 revalw, 
1 ie wound round Ihe cone EF, and the weight raisedi or 
uit accordiug to tlie force of the wind upou the sailsj at 
itwe, or dat piece of board, at met^L, Sat Ihe purpose of 
j ihe sails, 1 1, always fadug the wind ; at the end of th« 
.^,is a ncket wheel, Id whiah h spring, )w, catches, aa th« 
Mdlies ;. holding ilie weight at any heightv the terce of the 
lay have rajsed it lo : which enables us to asceriAin, 
jwence, the greaiest furce at which Rewind has blown; 
isg.HiBy, at uny time, be deUched, in order to see thf 
stale of the wiud. It is plain, from ihe consideration uf 
re, that as the axis is greater at i'' than at £, the wind 
lert a gteater force \a maintaio an equilibrium with the 
fi, as il approaciies liie lai^e end of the cooe : now, if 
Buck a weight ou the curd as will just balance the weakeu 
a the wind increases in force, the weight will be raised, 
iqor4 wound round from E to F ; and, if the diameter li 
i. al Fi i» such, as the force of the greatest wind will . juU 
the weighl at that end, then, in any intermediate wind, 
L wdl always be found somewhere between £ and ¥, and, 
«Dtly, indicate the comparative force of the windi but, 
le is drawn on the cone, the point where the cod lueels, 
lell the comparative force of the wiud : for examjile, let 
k ends of Ihe cone be as 1 to 2B, and if the w«ight W 
^und at Ihe small end of the cone, and just haluice* the 
.,lRBd exerted on the sails, if we suppose the wiud W 
I, and the cord to be wound round to the giealci extremi^ 
one, it must eiert a force of 3Q times die (bimer ; or the 
quired, to sustain ihe weight nt the large, end, will he 2& 
: lUus, if the axis, or side of the cone, is divided into 
1 parts, each d iviaion will corresfiond to a pound of force 

on the sails. Again, if the instrument le ti&ed on the 
of 1 a .building, and the weii^ht descends into, an apartmcint 
, you may, by having a s<^e ^ed .against the wuU, coh 
io^ to the divisions on the cone EF, on inspection, see iha 
. tbe wind ; in the same nmnnar, the aoemaacoim lellt M . 
9ii ortbe two instrument* may lie very odnYeniaitly COVK 
yone, an. will appear plntula any ined>anie> wb" has pu4= 
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atifiiiion to wliat has been said re9(>eGting -ibe iwa ■iiwttqfnyli. 

Knim/i^f 72. Paiie 198. — In this example^ w1i6r0 tamifiih 
made of the lower stone bein; feathered or chaoB^IW,. J»t1|iere 
is no dircctinu in what manner or form these chaiuieU<an|pl|^ 
cut, and that nothing may be omitted that the workmaa ought t|p 
acquainted witli, I have' subjoined the following figure^ Uk4P! 
the most general method in use; and here take ocCfknon i^bt^ 
serve, that, in actual practice, it is necessary to have the^giaoirai 
from time to time re-cut, that the mill may work to thei giSPlVf 
pos>ible advantage. AB (/'V^'. 4. Fiate £) represents omo^Ih 
stones of a null ; tlie circumference is divided into eight pj^^m 
lines drawn to the centre ; tlien beg^in by drawing iiae^.^ W^ 
rate distances, parallel to every line drawn to the centre, njiifon 
in the figure ; and if on these lines we make an angiilii; ff^vni 
as shewn at C, the stone will be prepared for being fixed ij^.||i 
place. ,<V ■ 

Kiauiple 80. Piific 204. — ^The thermometer here cl^cribe4 «* 
the common spirit thermometer, which is now neaziyy lit not 
wholly, supcrc^ed by the mercurial one, which only differs iad^ 
tliat the tluid inclosed in the tube is quicksilver, Instead ^.spiotl 
of wine. 1 shall here, however, take the opportunity of thmriitg 
how tile tubes are graduated, so that each uiermometery whaievv 
its length m-iy be, will indicate the same degree of heat or oqUU 

Ilavin«; tilled the bulb, and part of the tube, with quicksilver 
that has beun previously heated, to expel the air it may ooBtuoi» let 
the end be hermetically sealed, that is, closed by melting it yhA 
a blow-pipe, and pinching it together while in a soft state ; tbei| if 
we immerse the bulb in water just freezing, or snow just meking^ 
and mark the point on the tube at which the mercurj stands»:we 
shall have the freezing point. Again, let the bulb be now kor 
mersed in boiling water, and mark that point also for the faHling 
point; then, if we take that distance, that is, the distance betwan 
these ])oints, and form a scale, divided into 180 equal parts^^dMi 
we may extend upwards and downwards with any unmberofiythtf 
same parts, and tix it to the thermometer tube, so that 38 iiisK 
stand at the freezing point, or 212 at the boiling point, we-ihtS 
have our scale graduated in the usual manner in use in this eo<ii> 
try. Tliere are, however, several scales used in various couatiMii; 
but that denominated the centigrade, or Swedish thennoOMleri 
seems, in my opinion, the most simple, as the freesing poiat ii 
made zero, or o, and the distance between that and the boiMnR 
heat is 100 equal parts, and the scale continued upwards ani 
downwards ; this division is that in general use in France^ anft 
many parts of the Continent. The following expressions will «iu^ 
ble us to convert the centigrade division in the common, or Fnhroa 
Iieit's division, and the contrary : where F stands for Fahreoheiti 




, WPJP?- 303 

tad C for centigrade ; and first, to convert Fahrenheit to cratignde, 

^l^lfa fel ^ ' A Sfe ob (he'MlNecC of 6iennmne(eR, it mxf n^ -%e 
nifiB^if itdtioc ii%M-^ cdlfa the setf-regisleriiig^ thetnumictcii^-^ 
Wtl^dBe'-wlniii indicales, in the absence of the observer, tte 
I wM leait degrees of heat which have occurred in Us wStf' 
'IHier^ ar6 several contrivances for diis purpose, but:! 
0M Mf tmtice that most common at this time ; it consists saiH* 

g^'V]lfitw& thermometers, the one a mercurial one, and the odiet 
M'WfW Coloured alcohol, or highly rectified sinrits of wine^ ds 
^Intf f>> (f%. 5. PL E) having their stems horiiontal, and filed 
Ukibh dbme frame AB, the former has a small piece of magnetic 
deM^'^^fre toctosed in the tube, and the latter a fine piece or 
Ih'Mtf tf 'i^ass, whose ends are made into minute balls by the 
Arite dT-k lamp ; now the magnetic wire being brought fo th^ 
saf&ce of the mercury by the application of a key or any pie6t 
IC mi^-tt'llie mercury expands with heat it, is pushed forward; 

aifeft b^^ind when the mercury falls by cold; thus shewing tlfe 
eflle'df beat: the latter is immersed in the spirit, and as the 
ijAifsJBlks or retires, it carries the glass thread with it ; but vi^ben 
lAldNlkc^ it leaves it behind ; thus shewing the greatest cold in 
M^AiNinee of the observer; and this index is set by inclining the 
in sfr i im eftt till one end corresponds to the surfiaice of the spirit in 
tt4 Mw-; the steel index is brought to the surface of the mercury 
1^ ifj^pfrfitig a magnet^ if the magnetic power of it is insufficient to 
ik'on ft piece of iron or steel applied to the tube. 
' JBMRffpfc 84. P^ 207. — ^The nre engine here described is what 
ii-fMeperly termed the atmospheric steam engine, in its original 
fanUf'tA least in that form to which it was applied to useful atid 
gMetal- purposes; there is, however, since this inventi<)n, another 
ItttMsL^ mich depends solely on the elasticity or Ibice of the 
MeattFYtBirif, and which has, in a great measure, superseded the tt^ 
of tttfformer, whose powers are more limited, and of whidfi we ^haH 
iMo'Sttanpt a short description ; and, first, we will observe that tlii6 

entire now adopted of placing the steam cylinder deWched fitmi 
4>oiler, but communicating with it by a pipe, has qfinte'sii^Jei'f 
~ that wherein they are immediately connected r tod it 'hSii 
■Mmg many other advantages, that the safi^ of the bcfcler'i^ 
fincmi any sudden jolts that the engitae f&f besubjisct tdS 
AgflHi,the steam is not condensed in thecyltnMt'by« j^ wWiiff 
^it- Ibrmerly, but in a separate vessel, as tiie/followih^ 9^^ 
•Ml slMw; {Fig- 1. PI. F.) A is the pipe conveving^lhe stitfam'u^ 
teboUor to the cylinder, that is, to the upper' side of ihe]^^f6d^ 
hjPtosaiiB t>f the ipipe at-B, and to the vndW side l^^meaBa dHbii 
■tefttC ; these pipes are fwmshod with viAres; 8iMFd>^90M|^ 
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inucli in Uie same manner as io the common enginqs^ which the 
iiizure will sufficiently shew. Tlie piston rod D is a aolid .roid-of 
iron, and connucled with the beam, by a piece of mechanisiQ cattd. 
the puralhfl joint, at XY, which is so constructed that the fis^tt 
rod is always in a perpendicular direction. There is also aicoiD- 
munication from the top and bottom of the cylinder to a separate 
vessel at E, in which tne steam is condensed after being dxwni 
out of the cylinder by means of an air«piimp F, which -woifcil^ 
means of the above parallel joint at Z ; and these two vesselftiOf 
cyltixler^, viz. the condensing cylinder and the air-pump»are m- 
roundcd with cold water, and are constantly supplied by the puma 
(>, wurketl by tlx! other arm of the great beam: th^ air puBip.F 
rir.iws off the water Amned by the condensation of the sleam^inU) 
tiie cistern II, and is pumj-icd out of it by means of the pump I, 
and is thence conveyed by the pipe K back again into the boner. 

I shall now explain the action of this engine. The commyiDi- 
cation being opened from the boiler to the underside of the sleam 
cylinder, its elasticity forces the piston up, and at the time tbe^r- 
piimp forms a vacunra, and the steam nL^es into the condenserj 
:i vacuum is formed beneath the piston; at which moment the 
steam enters above the piston, and is, in like mannefy drawn off 
and condensed ; and thus, alternately, the pressure of the steBX^ 
acting on the under and upper sides of the piston, a reciprocaliag 
motion is produced in the beam, and a self-moving power is kept 
up as long as there is a supply of steam. Now, for the purposcs-ef 
mechanical operation, this motion is converted into a rotatory one^ 
by means of a rod L, from the end of the beam, which is connected 
with a crank (and fly wheel M) at its extremity, and thus a- con- 
stant revolvincc force is applied. There are a number of contxi* 
vances to regulate the motion of the engine, and for ensuring the 
safety of the boiler, which the limits of this article will not admit 
of enumerating, and for which I would refer the reader, amongBt 
other works, to Stewart's Descriptive History of the Steam En^nCf . 
Barlow's Mathematical Dictionary j or the Ena/clcpedia BritarmkB, 
and Supplement. 1 have, however, in the plate here given^ intro- 
duced the most usual contrivance of two balls o, o, which are conr 
nected with the fly by means of a pulley, P; and as the motionja* 
creases, or diminishes, the balls are nearer, or farther apart^ from 
the centrifugal force imparted to them : thus raising, or depress-; 
ing, a lever Q, connected with a cock R, in the pipe A A, wfaidi 
comes from the boiler; and, consequently, regulating the quiBr. 
tity of steam admitted into the cylinder, and, by that means, liie 
velocity of the whole engine: thereby producing a steady and* 
uniform motion to all tlie machinery connected with it. . . . . 

ExampU 94, Page 221. Compound Steel-i/ard.—JOn the subject 
of steel-yards, it may not be altogether foreign to our purpose if. 
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W€^ hli6<i^'^tiM?fldotv'-t#6 OF (hre^ machines that are in use, for the 
\e ^' wei^mg goods ; a^d as the steel-yard is calculated |» 
^sffif'Wt)g'Wit&(Krt^maltiplicity of weights, tktM «ii|;»aftft 

^,^1 iMnk^ >ery']^opei4¥ be mentioned in this pUuM^M^^^ 

aiff^ad^dlated'to pefiform ^iM^ same operatipna as the stfeel-jpaid» 
4M>i§ire 4bvi coBitenienee>— that not any weights arewqaind^tat 
~ siew the weight by an index^ or graduiaded sosde^ and -tsU^ 
^cl^^^thM^ weight of any substance without even the tMuble of 
j'Ck w^lht, as in the common steel-yard. Fig, 1, PL Gf 
HipifeaefaU . ^ maehine commonly known by the name of Ae 
iMHj^ttiel^yard: AB is a hollow cylinder of iron, or brass, 
h 4 i% ig' <i cap at the end A, with a square hole in it to admit the 
itM^^'beam, D£, whose end £ is formed into a round nut, and 
eiid^lsksii-Tiffg by which it may be held in the hand, or sut- 
p<itiiidd fibm ^ book : within the tube AB is a spiral spring, 
wiMMS'Mfdiid the bar D£ ;and at the end B is a hook C, to which 
t hy %u ifei ity or substance to be weighed, is hung. The action 
Q^^hM, itiMriBttent is as follows : Having suspended a weight 
jGEMMie*faook Cy lay hold of the ring D, £en the nut £ pressing 
oiii^lhb^gl&uig, winch is a spiral piece of steel, it causes the bar 
aMuMAio the ring to draw out ; and if we make a mark on the 
bib^^^0orti^pendiog to the weght hung from C, that point will- 
a tw i i yi f -ladieate the weight of any substance, equally pNonderottS,- 
dUtttiEy be suspended ftom the hook. In this manner, having suB*- 
pMied: several weights, and made marks corresponding to then 
00 -the. bar, we shall have a scale which will always indicate the^ 
nwnberof pounds, &c., any body may weigh tbs^ is suspended' 
Mtt'Uiehook at C : and we may here observe, that though, for 
ooMllkoli purposes, it will be found sufi^iently accurate, yet it is 
snrijfest to' variations from the different degrees of temperature of 
t htftoii osphere, which lengthens the spring, or causes it to be more 
stiS'tt^^ne time than at another, and, consequently, the divisiOot 
of tti* JcaSe on the bar will not always be sufficiently accufaln 
where 8Biy aieety is required. 

^Ihi^ ntti instrument which I shall describe, and which is siafi* 
lar'in 'its construction, being dependent on the action ef fti 
sptring^' is represented in Fig, 2, PL G, and is generally tenaed' 
die'^ifia/' MancB. AB is a flat bar, as in the last eonstmctiott'; 
bntr-^ttstiud of pressing against a spiral spring in a tube, it exerts 
ili^-mibe by its end H (when drawn out by a weight attached to 
thej^ook-O) on an eliptic or circular spring, GHL^ eadoged in 
a eincQflar box, D£, the end opposite a being fixed to the bo](. 
Now, as A is drawn out by the weight W, the two sides of the 
spring approach each odier ; then, if there is a rack, on the bai 
AB.iiroHung in the wheel F, it will turn another wheel, K^ on 
whose nxis « hand, L^ is* fixed, whidi, coming duoogfa a j^te 
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screwed 091 the front of the box D£, it will indicate' tha mmfaff 
of {khumIs hung un the hook C ; and: this pbte is . divided bf 
hau^inic wei^htii of 1,2, 3, &c. pounds in sneceasioa enfG>ian)k 
niakiii«^ m:irks on the plate ; then, at any time, we oaB'sn^faf 
iu:i()ection, the weight which is hun^ on the hook .CL» >Tbii 
iuslrunient, though, perhaps, superior in many iPesptdslD 
the Writ mentioned, is still subject to many of its defe8ti$?£ir 
tlie strength of the spring not being at all times unifionBy nw^ 
orrurs must consequently arise ; and liowever well it may hi 
executed, witli respect to workmanship or accuracy, in-:tte 
divisions in the first instance, continual use- must weaicML- ds 
force, ur elasticity, of the spring, and thereby cause the hand<to 
point to divisions in the plate which do not perfectly eorreiipDnd 
to the weight on the hook. :.i -.v 

The last instrument I shall now notice is^ what ■ is ^nnUy 
termed the bent lever balance. This i2» represented at F^. 3i'fL 
G, where FED is a bent lever, supported on an axis at. Ei'SagA 
to a standanl, ABC, to which is attached a graduated qnadrant, 
GB. At i) is a scale; and the end F is loaded witfe m/ wifi^t 
that just keeps the scale II in equilibrium when F is at. lihe oom- 
mencemeiit of the scale, or division of tlie arc BG; thenyif we 
place a weight in the scale H, the end of the levee F ascends 
tiirough the arcli till it comes to an equilibrium with the seale and 
the weight in it. Now, if we suppose an horizontai Uifte,)'IK, 
drawn through tlie line of suspension £ ; and if from F and D 
we draw the perpendiculars FL and DK ; and if the weight in 
the scale II, and the weight at the end F, are reciprocally 'pro- 
portional to the distance K£ and £1, we shall always have an 
equilibrfum; but as the weight at £, by ascending through the 
arc BG, constantly makes the distance £1 greater as it ap- 
proaches G, so the weight in the scale li must, of necessity^ be 
increased to produce an equilibrium. This form of the balaiied is 
very convenient, as it needs no weights, and no mislake'csn 
possibly occur, as we have only to refer to the gradaated ace 6B 
for the amount of the weight in the scale H ; consequeoiBy^ ^ben 
the divisions are once marked on the arch, there will be no sei^ble 
diHerence in the instrument from the temperature of the AtmciB- 
phcre, &c. ; and if the centre £ in the lever is made of a pieee of 
hardened stee!, and the pin in the standard made Bixailartoudie 
pin in the common scale, with a sharp edge for the lever tolrott 
oOj it will indicate, with considerable accuracy, the weight in the 
scale, and have scarcely, if any, friction of consequence i tad, 
according to the weight fixed at F, the scale may be made- to 
shew ounces, pounds, &c. in the divisions in the arch BG. 

Extmtple 99. Fage 222. — On the subject of this article> I 
might liere shew a great vaiiety of constructions, and describe the 
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^ibiiii>ilicbain 'adfiiupst>€lidlsSB taak^iand «l?the ouMdilnc^lMt^ d»- 

iwal^rb sQffi<^mt?for the^woiknieii to unddrBtan^llveaigmNll 

^i^pleom wkicbithis^iftost uacfal engine Mi coostmotcd).!^ iihtfl 

wffltenlinyssli! with a' description of one, tiie -principles' of 'V»)titth 

QlreF:soB|e«rtiatiiJfier«nt; and which, though desonfocdbrinniMiB 

-■ilt^aM^'fi^ or itas been, but little attended t» by*iiio<kni luy. 

^xteni^ibiit^whicb, in many cases, may be used to Fery^^gtyid 

s^arpawe, heii^s in ^ great measure, free from that iucoAv«nien^e■ftll 

ailgines aremore or less subjected to, that is — friction* X shall 

stbeotUegive^with some little alteration, the form of the crifflMK, 

cisiitiftfl (kil cfihod ^ by M. Perrault, in rather a scarce work, puli- 

KihifdfnHaiy^'yedtfs^ago at Paris, under the title of RecueU de :thh 

neun Machines de nouvelle Invention, Fig. 1, Plate H, is a p«r- 

vfteetiire'repiMentiition of the machine : A A a roller, on whien is 

.uBjttd-ggi ^«IUy B;'this moves, or rolls, up and down between the 

fmAdiel pieces' OP, OP ^ the cords C C, are twisted round the rol- 

icK-Ai^ dud adSxed to O O, round the pulley B, in another cofd 

jfiiB^nraiiidliis twisted round the capstern G G, and proceeds a£ifo 

makbAeifoUeril, to the hand at R, where it is held. Now, as^tbe 

3oap)itot^ni)is tilled round by the levers K K, which capstern slides 

<iH:ajkn'j hole made in the side pieces O O, the mode of its 

faotioiEwiM' be best seen by considering: Fig, 2, PL H, where, as 

.A^r^^ami the same letters of reference, a comparison will make it 

^ifitBRdew; A A is the cylinder, having the pulley B fixed to k; 

^etippeBOC are ^tened, as shewn in the Figure; the rope D 

'8«9taNf thB weight W ; the rope £ going through F, (within whitih 

rlbefCBfe-a^ontiiVance hereafter shewn, to hold the rope in any 

<lk>silioo;)^ is twisted round the capstern G G, and roller I;' the ropes 

HfiB ore^ fixed* to F, and partly wound round G G in the diipedmb 

."shaorB^and here fixed; and the same by the rope i^ k fixed to 

>l§j^! and' partly wound round GG, and there fixed«" These 

'sopes^it will be seen, are wound round GG in contrary direc- 

^iomr.^; therefore, in turning the lever K towards yon, tbexeepstejUi 

rsHipro^clnss Wybf rolling along the groove betweentbe Jid^pieij^ 

^lufWe'^will ttow suppose the machine in action^ and refer -aglaift^o 

2Bi^'el;)P/..H, and let the pulley B, with die roller A >il^dK^«^ 

ttowMKts'A, and the weight W attached to the rope Dy^^and^^tthe 

^<tlpsteiii[0 G near H H : now, by drawing or pulUtfg &e' ler^ 

iKxK towards yon, A will draw the rope attached t0'&eipuUiey'9, 

AttditmlLe it roll upwards towards O O, as it is presented ifioiEi 

descending by the cords C C, which, as B SBCends^' k»vf6mtA 

otmndnA A. During this motion of the pcdley the oord DisHttmnd 

round A'/hnd, consequently, elevated both by that andithe ptd% 

bsceodiag atong'the side O D ; also, after tlu»']^lle;^baiMafSitmlded 

snliole^aloiii^ihe side?, the capstern GG is^ikawn^ nmiatilsM®. 
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Ttip ro])C is now held at R, and the ci!(psf»!rn iurned back towaidi 
U, and the weif^ht is prevented descending again by^tite ropeiC 
being secured, by the contrivance within F, as above mtrifkMed. 
The same operation is repeated, till, at lengtii, the body Wistaifttt 
to the hei(>nt required. The whole machine is support^ oiti 
perpendicular axis L Ij groing through the braces R find M/'itf 
the standard (^, which is firmly fixed to the ground. Nbvr^-it'^Mi 
he readily seen, that as the roller A A and capatem G G'J6M( 
move as an axis, but merely roll along the sides O I>, tbe^fiMift 
is very inconsi»lerahle. ■ ' 

T shall 110^ describe the contrivance within F, wbich holeb die 
rope E in any position. In reference to ¥ig. 4, Pi^O, F nM 
HPiits a box, in which are affixed two clamps A A moreable abootl 
centre A A ; a plate B C connects them together; one parttttE 
being fixed to one clamp, and the other part at C, having a slit<er 
hole, with a peg or pin. The rope G li passes between tbb ettli 
of these clamps, and is pressed or squeezed by a sprinf^ J}, lAidl 
holds it fast ; and if we pull at H^the rope will slide betvreeii tbeoK 
br.t is prevented moving in the direction towards G. Tliefe'it 
also a cord E K passing through one clamp, which, by|yBllb^ 
roleascs the cord G H when necessary, and which is shewn iii Pg^ 
2, iV. II, atSS, but omitted in il^. 1, to avoid confiisioni; 

I have introduced this description, not so much with a view-of 
showing something which has peculiar advantages^ but mate to 
give a general idea of a principle which has been little .^tteoM 
to, and as something not generally known amongst medlanip»;;ai 
I feel persuaded, that, in the hands of many of my readers, tfair 
])rinciple may be applied with great advantage to manyeisghiesy 
and to many purposes hitherto not thought of : and af it is'/ime' 
that has the great advantage of removing, almost altogethei^ ^a/i 
great difficulty of lessening the friction of machinery; it mi^itflir- 
nish, at least, some hints which the practical workman '^wiU, 
doubtless, improve on. 

Example 102. Page 225. — Clock, — As the art of clock-4nakiQ|^ 
is a subject which, of itself, would fill several volumes to 4e9(^ibe 
their various forms and constructions, I can onlv, on ;'tKf 
head, recommend to my readers some works that will '^we ^ 
information required ; and, first, I would recommetid ibr ft 
copious list of authors, both English and Foreign, Gregari<^ 
Mechanics, vol. ii , page 140; besides which, I would recom- 
mend Martinis Mechanical Institutions ; Ferguson's Mecktmicd 
Exercises ; the Encyclopedia Britannica, and Supplement ; Cham- 
ber's Cyclopedia; and Harrison's Lexicon Technicum, (as wtH 
as the article Clepsydia in the same,) and to vol. xxv. of the 
Philosophical Transactions ; added to which, the reader wilV be 
amply gratified by referring to the Transactions of the Sodety of 




KOTES. , 309 



\st:f^io€ ujif^^!^~impfQf9^m&aJ^ with respect to pendulum^ 

f^^mt^jlD^, Pm 230.T>Gu^tiag Engine.— The. inirthiiDfiM 
uu(^r 4^84^fo0d has Deea greatly improved in its cohsthl^qi^ 
luioe tfaff time «f our anlhor, both, in respect to its seyeral'tc^t- 
M^rts/^md Widb respect to the cutter : but «s £he principle is sUU 
j|j4jniJP^».I^haU iiothere particularly describe the iiDprovemeiita^ 
U|k^^F€|F7'W0Tk;Daau musty at once, see the defects; but I think it 
^f^npwrr^%f> mtke some observations with respect to the cutting 
sf teeth m wheels in general, and to the dividing plate of. this ih«- 
mm^mfp^j Jb the £rst place, in any piece of clock-work, having 
^^f^ jcailpilated the number of teeth in each wheel necessary to 
|gti^4^ioe tbe motion required, it is, also, requisite to know the 
Jgfogoi^^ of the diameters of the several wheels to each other, so 
t^lA fidjeft tLey are cut into the required number of teeth, they shall 
wDdj^ S^^diy together ; that is, for instance, having two wheels, in 
ij^ili^ Wo'tt^ required to cut any particular number of teeth, we 
l^|l§^jp)EQ]^cMion the diameter of these wheels to each other, so 
<|wt.ih|r teeth in each of them may be of the same size, or, that the 
ti^ef^rof oae may fit jiccuiately into the spaces of the other : and 
fcciVX 69imoL- I think, do better than extract a pass^e from 
Ifr.FeTgQssonrs Sekd Mechanical Erercues, under tne form of the 
fo)l9inBg Proposition, mentioned at page 42, the third edition. . 
\,*^ Suffonng ike. disitmce between the centres of two wheels^ one of 
ti^^fkis^to turn the other, be given; andy that the. nwnber of teeth 
nj^'on^. of these wheels is different to the nwnber of teeth in the other^ 
^^rit is required tomake the diameters of these wheeb, m such prp- 
pqifj^joa to one another j as their number of teeth are^ so that theieeth 
^Jioth wheels ma^ he of equal size, and the spaces between Hm 
eq^y 4md thai either of them may ttem the oth&r easily ami freeUf ; 
ii^rtmared to find their diameter. 

ff.j^&e it is plain that the distance betw[eeii the centres, of the 
wheels IS equal to the sum of both their radii in fte working parts 
of 4jb^ teeth. Therefore, as the number of teeth in both whe^ 
tj^i^ together, is to the distance between their centres, takefi ~in 
y^y kiJod of measure, as feet, inches, or parts of an inch; so is th#. 
minber of teeth in either of the wheels to the radius or semU. 
mm/9tero( that wheel taken, in the like mannerjfirom its ceiifre ta 
t(^.work9^ part of any of its teeth. 

'^ IniD^ supposing the two wheels must be of such sizes' ^s U^ 
Ittve the : distance between their centres five inches; lisal tme 
wwsek is to have 75 teeth, and the other to have 33, and that thS 
lines of the teeth in both wheels is equal, so that either o£. thetti'^ 
m;^ turn the odier ; the sum of the teeth in both wheels Is lOd j' 
thwefore, say as 108 : 5 :: 75 : 3«47, and -aS lOS r5 :: 3a r,5 
tf53; SO that, firom the centre of the wheel of 75^. teeth: to the 



mrkiiii: part of itnj tootli in il, a 3 incbet und -17 liuiittreillli 
pins iU Ml inch ; nnd from tfac ceoUc of the nheel of ii \ttii 
to ihc wDrkiag part of either of its Ucth, a 1 inch nod S'i 
buDdrtiltlw of an inch." 

N(>w, it (Kqueotly happens in practice, diat we ha** ibe 
diamrlnr of one wheel ^iveo ax well as the nunber of tse^ in il, 
■ad ihii «he«l is requited lo turn acolher of u * 
IMlh ; iitaae vises ihe follawing PropotilJQti: 

Uasoig the tuanbfr of teeth in each of two tcAflcAi <'*'' ^ 



Wc will hern xuppoM, as in the lust Proposition, ihu am 
whL-el hu 75 l«etb, and tlie olher 33 teeth, and ilmt the diameUi 
of iJ>e ntwel of Ta Melh ia 3-47 inches; here, theii, hy th« nih 
of propotlMn, aay an TS ; 3-47 ; 33 '. 1-53, the diBiDctcr of tfac 
wbed of as teeth; hence 347 + 1-53= A indies, thcdiituw 
between liwiT cenlrca. Now, with rei^rd to ihn dividiD); plalttT 
the ungine. it appears ihul if the number of teelh vni wUb U 
cut in any nhecl is not laid down in otie of tlu- coacentric aiAa, 
or IF not a multiple of any of the miink>^r4 (liere nutriKd, *l 
must have, recourse to some other melhod tliair there skewii, iit 
cutting (he required aumher of (co^i ; and litis, though ool fte- 
qutnll; waoted for the geoerjlily of clock-wurk, i» MnMJiDH 
necessary, and, iodeed, indispensable, in the cottSlruOIisB sf 
orieiiei or aiiroQDmical clocks, and Tarious other machinea. 

I will, therefore, here shew, how we may divide a circle, wil 
ease, into an; numlwr of partt, whidi will cDsble us to m^ 
liesh points on our dividing plate, or divide the wheel itself icith 
very little trouble. I shall here remark, Ihai the chief difficulty ii 
in dividing a circle into any njij tiumbei of parl£, as aU Uic 
divisions on the plale are amply sulGcieat for the wen psrlf. 
It is plain, (hat from any number of odd piirts we may siflilnct ■ 
nurabcr which i>hatl leave the remainder even, Thui, nifipaH 
we wish the circle to be divided into 59 parts ; if we sabHaQt Bi 
there will remain 50 ; therefore, to ascertain on Ihe circle thai 
proportion of its circumference which will contain 9 parta out of 
Ihe 58, any as 59 parts is to 360 degrees, (the whole cude,) »o it 
9 parLB Lo B4'9 degrees; therefore, if, by means of a sector, « 
scale of cnrda, we make an angle at (he centre of the cude 
equal lo 59-9 degreejt, we shall enclose a space of the eawmr 
ference eqtial to the 9 parts required ; and as it is i&ncb ealAt) 
by ItiaU with a pair of compasses, lo divide this space or. ^ 
dirouiuterGnce into 9 parts than the whole circle into 59 H!lb 
we have an easy way to perform ibe operaiioii ; for having nona 
one of the 9 parta, thai distance will go 59 times in the circutn- 
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mce, and, therefore, H holes are punched at that distance in 
another concentric circle on the dividing plate, it wiU answer the 
purposes intended ; and thus we have a £resh division of 59 
parts, or any multiple of it, as 118, 177, &c. 

I would here suggest a method, wlucb, as I have never seen 
ather in actual practice or described in any author, I tiiink would 
be a material improvement in the con tniction of this engine, as 
It '^HTOold do away with the necessity of the fixed divisions or holes 
in tfie dividing plate, as well as enable us with great accura^ to'cot 
ny xequired number of teeth, either even or odd, in our wheeb. 
JjBt the edge of the dividing plate be cut into oblique teeth, so as 
it shall be turned rouud its centre by means of a screw working 
against it, in the same manner as many of our astronomical in- 
struments are; and let the screw be such, that any number of 
turns round its axis shall move the plate once round its centre ; 
for instance, let 300 turns of the screw tum it once round ; then, it 
is evident that one turn of the screw round its axis will move ^e 
plate round a 300th part of its circumference: in like manner, any 
number of turns will move it a proportional part. Thus^ we have 
lor even numbers a ready method to divide tne circumference into 
any number of parts, which are a multiple of 300. For instance, 
suppose we wish to divide the plate, or, which is the same thing, 
cut 50 teeth in any wheel, we divide 300 by 50 ; the quotient is 6, 
whidi shews that 6 turns of the screw will move the plate forward 
a space sufficient for one tooth ; therefore, we have only for each 
tooth to tura the screw round six turns to divide the plate into the 
Bumber of parts required. Now, the method for dividing the 
plate or, which is the same thing, to cut any number of odd 
teeth in the wheel, is analogous to this. But it will be necessary 
to have the bead of the screw (tivided into a number of equal 
parts, say 100, and an index so fixed, that we shall be able to as- 
certain the number of turns, as well as fractional parts of a 
tum, we wish to'give to the screw, in order to move the plate for- 
ward a sj^ce equal to the distance of the divisions we wish, in the 
dividing plate. Thus, suppose we wish to divide the plate into 
56 equal parts, or cut 56 teeth in our wheel, we divide 300 by 56^ 
ihe quotient is 5*35 nearly, which shews that for each toom we 
must tum the screw 3 times round, and 35 parts of the hundred di- 
visions into which the head is divided. By this method, any odd 
number of teeth may be cut; and to any Mechanic at ail acquaint- 
ed with the nature of the method of dividing a circle by the me- 
thods used on the arcs of mathematical instraments, this will be as 
^simple as possible ; and, if necessary, a stop might be so contrived 
to me screw, that^ after it was once adjusted to the reqtiired number 
of turns, it would be only necessary to tum the screw for each 
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toothy till it came to the roquired positiiM; • aod.-flkiiS{pqf^^ far 
erery tooth round the circumfeience of the wheal*, v .^l-^^^ {\i:^ 

I have not thouriit it neoeAUury to illuitzate thns by.;^ 
int, MSp from what 1 have advanced, it will, I tni»^ ]|ie. 
.'uAcieDt as a hint for the improvement of the iuitniiAefpA i) 
consideration. l^.-, btv. 

Exan^e 105. Page 233.-— The water-miU here defcnbedjlQtcSRi 
«uthory though ingenious in its construction, wUl he 49iwL# 
<-.rt.)al practice, attended with many inconveniencei^ ^gS^l^S^ 
as the weight of the spindle with its *pfnd leaf must, jaf aifogtaffSi ' 
be considerable, it follows, that the niction on the' pi.vqi«^||^ 
lower extremity will be such ait to occasion the want of y4 
repair, particularly if we add to the weight of the mijliil 
weight of the water with wl)ich it is loaded, ^gthor 
inconvenience is, that it will be found very difficult, tio.. 
spiral wheel work within the cylinder without .couaiiim^i^j^ 
of water, and, consequently, a waste of power ; an4 wi \ 
into account the actual expense of the construction of thft^ 
itself^ when compared with its power and effecta« it wiUij^l 
tliat the advantages its simpliaty offers are mora. thw-j^lMl^ 
balanced by its defects ; but tliat the principle of the 
wheel may, under many cireumstances, be of benefit^ ^vad.^i, 
Uie consideration of the practical Mechanic, is not to b^.-d^qi _... 
though it lias hitherto not been applied with any nntemfen^ 
vantage. -.nnij j,}' 

I shall, in tliis place, describe another water-miU. mppn^wl 
principle of the pressure of water when confined iiv pip<H|i|H 
nowing out at holes in their sides, thereby producing a **?"j?^'5?^ 
motion capable of turning a mill-stone, or moving any oti^ir^^Vh 
chinery. This instrument, in its original form, is luiowxiiiVS^^ 
the title of Barker^t or Parenft-millf and improyed by Aff^^Jiipi'! 
sey. A very particular description of it, with the tinltitiJliiiljflpt 
necessary to estimate its powers, will be found in Cruig^^ 
Mechanics, page 106, vol. iu , n-^v Vi 

X shall here describe it with its improvements^ uw^ i^j^ fjiufi 
reader for its original form to the above work, and also tQ ilglf 
gulier's Experimental Philosophy, vol. iii., page.459« ff^ f!(RgN^ 
«on's Lectures (Brev?ster's Edition, vol. ii., page 103.) ..- Ltirow 

Fig, UPl. I. represents the mill with Mr. Rumsey's jPAfSlP^ 
4nent; A and B are the two mill-stones resting on tfae\l{|^J&i; 
fromUie upper stone. A, proceeds an axis, or spindle, f> BiUAlil 
attached} and turns vnth it; the end of the spindle iB.^z^ tft^ft 
JioUow cylinder G H, having a hole at G and a, on theiOfMllle 
sides of it ; this cylinder has a communication with tha pip^](Si 
the part of die pipe above I being fixed to did cyln^^i^tip^ 
Imving a joint at I on which it turns, when the mill is in motion ; 
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S dotted lines wkhin the pipe, at I, represent a contino^on d 

1 1 » made wat^^^lfhtf 1^'L^s/attset^ 

^ dj^M&i GHj' aad i^^msea OM kt-th^olei^l 

pns^uently, cany with it the spindle J* tM*'§^ 

^^ HArttitit HSbe oHfiee of the holei at O and W;'!^^ 

„, /«& veM«f«r'<]l' AetoiH is regttlated. '^^H 

X$^^»^mi%td^ 1i4t the pbnet of this engine d^paid^/^if af^ 
MyfirJj>)Mittte he%ht of the reservoir L, and Oni^'iJfW^i^ 
iPi^^fi^ «i^ t>tif>e K: hence, this iiia<Anefi'^JMlF^a»l 
WPW^%bse ntuations where the M iv gT«iat,-''^iiiQ$^W^ 
""^dP'^^^M^ htlt small; it must be he^ Coiifta^r^HI!; 
„ ^^ik^^ atitiott of this mill is, still the the^^'ffW 
>W ^ ti^ n tf^iM^^wfth some calculations somewhat ■ tt wu Mtf ^ 
l^/'aiid' wMdi want of room win not enable lii^iiS^clS 
>^fl^' iftalfr, and refer for the calculation itsMf ' i«L ,^ 
riBri^^^Hidd. The several data required aife'jpl ri AY * "^^' 
H#4MR^Wfii^M*^)Hrs^, the magnitude of the pipe iHifeK <!._. 
Sf^H^idi^^lifbm the reservtnr: Second, the We wifth^whl^' 
"'iffiVe^Cf^mknencefi its motion : Tkird^ the quantitt cT^^^^^d^ 
*'*«>*^^*r the hollow cylinder: Tourthy the to^rtm^W "'"" 
f^<9hiffi-akts in opposition to the centrifcr^ feroe:-' 
he acquired velocity of the water on issuing from the c^ 
Wk]l^9M¥_rtm6tihe central force to die inertia; ^dedt«f' 
f 4i|«itfttllte to ^adjust the several pipes and ^crfinders; aihWeH^ri 
l»%iK»Pdf tiie a))ertures in the cylinden, so mt V'nitiliMrfi^ 
ri»f why t)*'i)WdUced. ■ ■' '< " 

^^WbM^ 106. Bage 234.*->As die si^ject of aftifi^ ^"^ ^ 
cdittftemle hitereist, and has, since the tfane ef'iiv^^tLwkkiliSH 
BttmMi'^ngaged die attention of mien of sden^fl'shdl, (joAt 
pi l gfflB MigaBiawlpg us to enter minutely intoihcf 'd%renV'dMMM|s 
of yaiious authors,) in the first place,' give U list '^:Som^4<Mi8 
ddil ¥itB^vtmp\y gtatify the curious on this poirit, and ^d ^jdk>8ier 
ml? iHr'4^ e<^truGtion of any arch from ai&y J^eqf^^lMbs^ 
&f3S^ ^ caftta^way across the bridge ; arid; ^fiftrt^ #ie wOflBsI 
would recoinin^d f^r ;perusal on this sulij^ aiie^^-^lafi^^ 
Mlft|M ^BH%es> Bossuet's Recherchei i» VfyM^^t^4e$ 
Pikka^Jimair tuTAta^rdei .$!ci6nee«,'in4 tmd 177«; fiotitt^s 
JtfiMlAifoilk^-^ditioft of 1802, page 383; PrMiy, il»«J^JS^dHilA 
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Dhinrnti/y: also, Martin's Circle of the Mechanical Artt coit- 
I. till inucli oil the subject selected from various authors, under 
iUv. tirticle Dridgcs. 

With respect to the Table alluded to, it is calculated fay Dr. 
II niton, from a theorem on the Arch of Equilibration, that the 
span of thu arch is 100, its height 40, and the thickness at Ae 
c Town 6, and which will answer for any other arch whose spu, 
iii'ip:ht, and thickness, are to each other in like proportion. l)ov, 
W(.> will suppose the extrados, or carriage-way, to be a stndgbi 
liiir ])aralicl to the horizon ; and let a perpendicular line (to the 
horizon) be drawn through the crown of the arch, and lines 
dniwn parallel to the horizon, and, of course^ perpendicular to 
this line; then, if we consider the first line as the axis of the 
c-urvr, the division of it, where the other line crosses, will be 
abscissas to the curve, and the lines tlieraseWes will represent ibe 
ordi nates ; then, if the extrados is an horizontal line, or neadj 
no, if we call the abscissa A, and the ordinate corresponding to it 
( ), wc shall, by the means of the following table, be able to con- 
struct the curve. And here we may remark, that we must 
mctLSurc the abscissa not from the yertex of the curve, but £roD 
th(! surface of the extrados, or carriage-way, as the number 6 is 
always added to the value of the abscissa. 



k 

a 
ti 
t 






2 

4 

f) 



10 

12 

13 

14 

1.5 

10 

17 

18 

10 

20 



6000 
G035 
(3-144 
6-324 
t>\>80 
6-914 
7-330 
7-571 
7-834 
8-120 
8-430 
8-766 
0168 
0ol7 
l)-934 



21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 



10-381 
10-858 
11-368 
11-911 
12-489 
13106 
13-761 
14-457 
15.196 
15-980 
16-811 
1 7-639 
18-627 
19-617 
20-665 



21-714 
23-948 
24-190 
25-505 
26-894 
28-364 
29-919 
31-563 
33-299 
35-135 
37-075 
39-126 
41-293 
43-581 
46-000 



When the extrados differs materially from a straight line, this 
Tabic will not answer ; but as, in general, it is best to make the 
carriage-way nearly, if not quite, level, the Table will be foiiDd, 
in actual practice, very convenient. 
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Exan^le 107. Page 238. — ^As the description here given of 
the weighing engine is attended with many inconveniences^ both 
-with respect to the delay occasioned by fixing the chains, and the 
damage likely- to accrue from lifting the waggon by means of 
chatnft, as weU as the general inconvenience from the clumsy fonn 
«f the -engine itself; the engine, as here described, has been su- 
perseded by one of much more convenient structure, and wfaidi I 
mbaSL here shew. Let ABCD (1%. 2. FL I.) represent a strong 
fioune, or box, about twelve or eighteen ind^ deep, with a solid 
•nd thick bottom of oak ; the whole sunk into the ground and 
Armly bedded, so that the edge of the box shall be level vrith the 
Molaoe of the road over which the carriage is to pass. There is 
an 'opening in the side of the box in AB, to admit of a strong iron 
lerer, or bar, £F ; nearly at the end F is fixed a fiilcrum pin,'formed 
like the nail of a balance, having a sharp edge downwards, and 
vesting on two circular arches of hardened steel. A little fivther 
fiom the end, and in the centre of the box, is another frilcrum pin, 
whose sharp edge is upwards : the two strong iron bars, GdG 
and Hi2H, resting on it at d and d ; in the underside of these bars 
are four strong obtuse angled cones near the ends GO and HH, 
"wfaidi rest on four strong pieces of iron, having a very hard steel 
cap to receive the cones on the top of these bars ; and rather 
nearer the centre of the box are also four conical pieces of steel, 
as a, 0, 6, 6 ; on the cover of the box are four similar strong 
pieces of iron, with steel cups, to correspond and rest on the 
cones OyOjbyb; the end of the bar or lever £F projects from, the 
box, and is usually enclosed in the weighing house : it has a pin 
at e, 6, which is attached to a steel-yard, or a pair of scales, by 
which we ascertain the weight on the platform or lid of the box 
on which the carriage or waggon rests. Fig. 3. FL I. is a section 
of the box, with its bars, or levers, and cones. LM represents the 
platform, or top of the box ; ti, m, two studs or blocks fixed to it 
with hollow steel faces, resting on the obtuse cones a, A, which 
are fixed to die bars GH ; the cones o, p, fixed near the extremi- 
ties of the bars, rest on the pieces x^y, with hollow steel fiices, and 
fixed firmly to the bottom of the box IK. The other ends of the 
bars GH rest on the pin d, d, going through the lever F. The 
ends of the bars GH are generally bent, so that the points of sup- 
port a, o, d, and d, p, b, are in the same horizontal plane, as well 
as the sharp edge of the pin CC,^. 2. The macq^ne dius con- 
structed is evidently nothing but a combination of leveis in the 
nature of a compound steel-yard, and, therefore, this mac&me is 
well adapted to weigh heavy weights, as waggons, &c. loaded with 
goods, &e. The studs at x and y have generaly a little rim raised 
seued tbeur edge, in which some <h1 is pour^ that the- damp 
and dust, which unavoidably enters between the lid or platform^ 
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Car. 3. Tlie loeat of tlie point U will atway* ba in the mi' 
tennvr of nn eUpii!, whoie foci ow at A and C, and wtuw 
luiinl or (rantrent.- iliam«tiir i> Ihn wholly leagtli of ihc <m1 

Arte. 

CV. 4. "nielhrfc forcM bi A, D, nodC, wlim lh|iy a^fevijui- 
llbna, will b« III Itie saim proporlian lu escb otiwr n»^A» suId 
■rftlielhanBl* Ral). th» ij A : C : !>:: olt : 'lE : HB. 

(W. A. Aa thp itilM if tnuiKiM nni m Ihs Mrn^ propotlii.^ .. 
L-Mb ottiM u ttiB HnM of lh»tt oppoitte uiglm, we Uialf hiit th« 
rollowing praporliimi with mnWTt to (ke powen A, O, C, tt ■ 
oih«r,Tli.AB: DC: B\i::nM£.<>^B : »im/iE.tia : nae^Etlh 
iwd in iha ptopnition of ihetr nipplenMinia ABD, CBO, *ai ' 
ABC. 



PnovoamoN IT. 

If « cord is (uspnded fcom two fixed poinu, and ftooiher oflri 
is fixed to It in any poiol, Mie force Bppli«i to that poini to pto- 
<\net *Ti eqiiitibrinm, or makn Ih' tciiBion of all ttie conlt cquil, 
will ht in proportion to the angle* fonxied by the meeting of ll» 
(wrds in tiie point where they are Mlafthed to each other. 

i*i ABC be a oord attadied W the point A and C, twd lei 
another cnrd BD be ftmily Riioil tu the point B ; I say tile fbrw 
applied at fi most be (to produce ao equilibrium) in the sBoie 
proMrtion that the angle ABC has to the angle CBD, nddd 
lo tlie angle ABD, or, more properly, the angle ABC is i*dpfO' 
eally a« tho 9ih«6 of (he angles ABO and Cffl>, AU f^lU ' ' 
gr«ifeT the angle ABC is, the less the »ne of the angle ABD 
and CUD. This is evident from Cor. 5. of tlie last Propositiea ; 
fbr these angles are in the same proportion as the fbrees, <w as &e 
angles EAB, ABE, and AEB, which was to he ghewn. 

Cer. 1 . Heace, also, as £B represents the tenaron of BD| 
A E the tension of BC, and EC the tension of AB ; w« see ihsi 
a small foroe at B (irhen the angle ABC is gtcat) «>□ \ie sillR- 
cient to keep in equilibrio a ^reat force at A and C ; and henec 
the power of the funicular macliine. 

Cor. a. Hence, also, as OTOry rope must have some wei^, it 
b impossible, unless the power at A and C are infinite, lo kaep 
i! stretched in a tight line; and, hence, a very small pemet rt- 
erled on the rope ABC will be able to overcome a great resist* 
Ljice at its extremities, when it is nearly laying even between Ihi 
pointsA and C, whether those points are perpendieidar^pMAr,' 
uT oblique to the horiaon : for as AE, EC, and EB nfftaeiit (he 
forces when in equilibrio, EB may be very small ii ''" 
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